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(57) Abstract 

A class of pyrazolo[4,3^c]pyridin~3-one derivatives, substituted at the 2-position by an optionally substituted aryl or heteroaryl 
moiety and having pendant substituents at the 7-position and optionally also at the 6-position, are selective hgands for GABA A receptors 
in particular having high affinity for the al and/or a3 subunit thereof, and are accordingly of benefit in the treatment and/or prevents of 
disorders of the central nervous system, including anxiety and convulsions. 
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WO 99/48892 ^ PCT/GB99/00803 

PYRAZOLO-PYRIDINE DERIVATIVES AS LIGANDS FOR GABA 

RECEPTORS 

The present invention relates to a class of substituted pyrazolo- 
5 pyridine derivatives, and to their use in therapy. More particularly, this 
invention is concerned with substituted pyrazolo[4,3-clpyridin-3-one 
analogues which are ligands for GABAa receptors and are therefore useful 
in the therapy of deleterious mental states. 

Receptors for the major inhibitory neurotransmitter, gamma- 
10 aminobutyric acid (GABA), are divided into two main classes: (1) GABAa 
receptors, which are members of the ligand-gated ion channel superfamily; 
and (2) GABAb receptors, which may be members of the G-protein linked 
receptor superfamily. Since the first cDNAs encoding individual GABAa 
receptor subunits were cloned the number of known members of the 
15 mammalian family has grown to include at least six a subunits, four p 
subunits, three y subunits, one 5 subunit, one z subunit and two p 
subunits. 

Although knowledge of the diversity of the GABAa receptor gene 
family represents a huge step forward in our understanding of this ligand- 

20 gated ion channel, insight into the extent of subtype diversity is still at an 
early stage. It has been indicated that an a subunit, a p subunit and a y 
subunit constitute the minimum requirement for forming a fully 
functional GABAa receptor expressed by transiently transfecting cDNAs 
into cells. As indicated above, 5, z and p subunits also exist, but are 

25 present only to a minor extent in GABAa receptor populations. 

Studies of receptor size and visualisation by electron microscopy 
conclude that, like other members of the ligand-gated ion channel family, 
the native GABAa receptor exists in pentameric form. The selection of.#t 
least one a, one p and one y subunit from a repertoire of seventeen allows 

30 for the possible existence of more than 10,000 pentameric subunit 
combinations. Moreover, this calculation overlooks the additional 
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permutations that would be possible if the arrangement of subunits 
around the ion channel had no constraints (i.e. there could be 120 possible 
variants for a receptor composed of five different subunits). 

Receptor subtype assemblies which do exist include, amongst many 
5 others, alp2y2, ct2p2/3y2, a3Py2/3, a2Pyl, a5p3y2/3, a6Py2, a6p5 and a4p5. 
Subtype assemblies containing an ccl subunit are present in most areas of 
the brain and are thought to account for over 40% of GABAa receptors in 
the rat. Subtype assemblies containing a2 and a3 subunits respectively 
are thought to account for about 25%, and 17% of GABAa receptors in the 

10 rat. Subtype assemblies containing an a5 subunit are expressed 
predominantly in the hippocampus and cortex and are thought to 
represent about 4% of GABAa receptors in the rat. 

A characteristic property of all known GABAa receptors is the 
presence of a number of modulatory sites, one of which is the 

15 benzodiazepine (BZ) binding site. The BZ binding site is the most 

explored of the GABAa receptor modulatory sites, and is the site through 
which anxiolytic drugs such as diazepam and temazepam exert their 
effect. Before the cloning of the GABAa receptor gene family, the 
benzodiazepine binding site was historically subdivided into two subtypes, 

20 BZl and BZ2, on the basis of radioligand binding studies. The BZ1 

subtype has been shown to be pharmacologically equivalent to a GABAa 
receptor comprising the al subunit in combination with a p subunit and 
y2. This is the most abundant GABAa receptor subtype, and is believed to 
represent almost half of all GABAa receptors in the brain. 

25 Two other major populations are the a2Py2 and a3Py2/3 subtypes. 

Together these constitute approximately a further 35% of the total GABAa 
receptor repertoire. Pharmacologically this combination appears to be 
equivalent to the BZ2 subtype as defined previously by radioligand 
binding, although the BZ2 subtype may also include certain ot5-containing 

30 subtype assemblies. The physiological role of these subtypes has hitherto 
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been unclear because no sufficiently selective agonists or antagonists were 
known. 

It is now believed that agents acting as BZ agonists at aipy2, a2py2 
or a3py2 subunits will possess desirable anxiolytic properties. Compounds 
5 which are modulators of the benzodiazepine binding site of the GABAa 
receptor by acting as BZ agonists are referred to hereinafter as "GABAa 
receptor agonists". The al-selective GABAa receptor agonists alpidem and 
Zolpidem are clinically prescribed as hypnotic agents, suggesting that at 
least some of the sedation associated with known anxiolytic drugs which 

10 act at the BZ1 binding site is mediated through GABAa receptors 

containing the al subunit. Accordingly, it is considered that GABAa 
receptor agonists which interact more favourably with the a2 and/or <x3 
subunit than with al will be effective in the treatment of anxiety with a 
reduced propensity to cause sedation. Also, agents which are antagonists 

15 or inverse agonists at al might be employed to reverse sedation or 
hypnosis caused by al agonists. 

The compounds of the present invention, being selective ligands for 
GABAa receptors, are therefore of use in the treatment and/or prevention 
of a variety of disorders of the central nervous system. Such disorders 

20 include anxiety disorders, such as panic disorder with or without 

agoraphobia, agoraphobia without history of panic disorder, animal and 
other phobias including social phobias, obsessive-compulsive disorder, 
stress disorders including post-traumatic and acute stress disorder, and 
generalized or substance-induced anxiety disorder; neuroses; convulsions; 

25 migraine; depressive or bipolar disorders, for example single-episode or 
recurrent major depressive disorder, dysthymic disorder, bipolar I and 
,. bipolar II manic disorders, and cyclothymic disorder; psychotic disorders 
including schizophrenia; neurodegeneration arising from cerebral 
ischemia; attention deficit hyperactivity disorder; and disorders of 

30 circadian rhythm, e.g. in subjects suffering from the effects of jet lag or 
shift work. 
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Further disorders for which selective ligands for GABAa receptors 
may be of benefit include pain and nociception; emesis, including acute, 
delayed and anticipatory emesis, in particular emesis induced by 
chemotherapy or radiation, as well as post-operative nausea and vomiting; 
5 eating disorders including anorexia nervosa and bulimia nervosa; 

premenstrual syndrome; muscle spasm or spasticity, e.g. in paraplegic 
patients; and hearing loss. Selective ligands for GABAa receptors may 
also be effective as pre-medication prior to anaesthesia or minor 
procedures such as endoscopy, including gastric endoscopy. 

10 US Patent No. 4,602,014 relates to a family of substituted 

pyrazolo[3,4-<2]pyridin-3-one derivatives wherein the pyridine ring thereof 
is fused inter alia to an alkylene chain. These compounds are stated 
therein to be benzodiazepine receptor ligands having nervous system 
regulatory activity, including anxiomodulating activity. However, there is 

15 no disclosure nor any suggestion anywhere in US Patent No. 4,602,014 of 
the particular substituted pyrazolo(4,3-c]pyridin-3-one analogues in 
accordance with the present invention. 

The present invention provides a class of substituted pyrazolo- 
pyridine analogues which possess desirable binding properties at various 

20 GABAa receptor subtypes. The compounds in accordance with the present 
invention have good affinity as ligands for the a2 and/or ot3 subunit of the 
human GABAa receptor. The compounds of this invention may interact 
more favourably with the <x2 and/or a3 subunit than with the ocl subunit. 
Desirably, the compounds of the invention will exhibit functional 

25 selectivity in terms of a selective efficacy for the a2 and/or a3 subunit 
relative to the ocl subunit. 

The compounds of the present invention are GABAa receptor 
subtype ligands having a binding affinity (Ki) for the a2 and/or a3 
subunit, as measured in the assay described hereinbelow, of 100 nM or 

30 less, typically of 50 nM or less, and ideally of 10 nM or less. The 

compounds in accordance with this invention may possess at least a 2-fold, 
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suitably at least a 5-fold, and advantageously at least a 10-fold, selective 
affinity for the a2 and/or a3 subunit relative to the al subunit. However, 
compounds which are not selective in terms of their binding affinity for 
the a2 and/or ot3 subunit relative to the al subunit are also encompassed 
5 within the scope of the present invention; such compounds will desirably 
exhibit functional selectivity in terms of a selective efficacy for the a2 
and/or a3 subunit relative to the al subunit. 

The present invention provides a compound of formula I, or a salt or 
prodrug thereof: 

10 

R 1 




wherein 

R 1 represents aryl or heteroaryl, either of which groups may be 
15 optionally substituted; 

R 2 represents halogen; or Ci. 6 alkyl, C2-6 alkenyl, C2-G alkynyl, C3.7 
cycloalkyl, aryl, aryl(Ci. G )alkyl, C3.7 heterocycloalkyl, heteroaryl, 
heteroaryl(Ci-c)alkyl, C2.G alkoxycarbonyl, Clg alkylaminocarbonyl or 
heteroarylaminocarbonyl, any of which groups may be optionally 
20 substituted; and 

R 3 represents hydrogen, Ci-g alkyl or trifluoromethyL 
The groups R 1 and/or R 2 may be unsubstituted or independently 
substituted by one or more, preferably one or two, substituents. Examples 
of optional substituents on these groups include alkyl, 
25 hydroxy (Ci.c)alkyl, di(C]. G )alkylamino(Ci. G )alkyl, aryl(Ci- 6 )alkylamino- 
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(Ci-G)alkyl, heteroaryl(Ci.6)alkylamino(Ci.6)alkyl, C 2 - 6 alkenyl, C 2 -g alkynyl, 
hydroxy(C 2 . G )alkynyl, di(Ci.6)alkylamino(C 2 . 6 )alkynyl, C3-7 cycloalkyl, aryl, 
aryl(Ci.6)alkyl, C3-7 heterocycloalkyl, oxo(C3-7)heterocycloalkyl, Ci- 6 
alkyl(C3-7)heterocycloalkyl } C 2 . G alkoxycarbonyl(C 3 -7)heterocycloalkyl, C3.7 
5 heterocycloalkyl(Ci-G)alkyl, C3-7 heterocycloalkylcarbonyl, 

Ci-c alkyl(C3.7)heterocycloalkylcarbonyl, spiroheterocyclyl, heteroaryl, Clg 
alkylheteroaryl, C3-7 heterocycloalkyl(Ci-G)alkylheteroaryl, 
C1-6 alkyl(C3-7)heterocycloalkyl(Ci-6)alkylheteroaryl, heteroaryl(Ci-6)alkyl, 
heteroaryl(C 2 . G )alkynyl, hydroxy, Ci-c alkoxy, arylcarbonyloxy, Ci-g 

10 alkylthio, Ci. 6 alkylsulphinyl, Ci. 6 alkylsulphonyl, amino, Ci- C alkylamino, 
di(Ci-G)alkylamino, C 2 . 6 alkylcarbonylamino, Clg alkylsulphonylamino, 
C3.7 cycloalkyl(Ci. G )alkylamino, di[(C 3 -7)cycloalkyl(Ci-G)alkyl]amino 7 
heteroaryl(Ci-G)alkylamino t Ci-e alkylheteroaryl(C]-G)alkylamino, Ci-g 
alkylaminocarbonylamino, amino(Ci-G)alkylcarbonylamino, C 2 .g 

15 alkoxycarbonylamino(Ci.G)alkylcarbonylamino, C 2 -g alkylcarbonyl, 
heteroaryl(Ci-G)alkylcarbonyl, C 2 -g alkoxycarbonyl, aminocarbonyl, 
halogen, cyano, nitro and trifluoromethyl. 

Particular optional substituents on the groups R 1 and/or R 2 include 
Ci-g alkyl, C 2 -g alkenyl, C 2 . 6 alkynyl, C3-7 cycloalkyl, aryl, aryl(Ci- G )alkyl, 

20 C3.7 heterocycloalkyl, oxo(C3.7)heterocycloalkyl, Ci-g 

alkyl(C3-7)heterocycloalkyl, C 2 -g alkoxy carbonyl(C 3 -7) heterocycloalkyl, C3.7 
heterocycloalkylcarbonyl, Ci-e alkyl(C 3 -7)heterocycloalkylcarbonyl, 
heteroaryl, heteroaryl(Ci- 6 )alkyl, Ci- G alkoxy, Ci. 6 alkylthio, Ci-e 
alkylsulphinyl, Clg alkylsulphonyl, amino, Ci-g alkylamino, 

25 di(Ci.6)alkylamino, C 2 .g alkylcarbonylamino, Ci-g alkylsulphonylamino, 
heteroaryl(Ci-G)alkylamino, Ci-g alkylaminocarbonylamino, 
amino(Ci-G)alkylcarbonylamino, C 2 .g alkoxycarbonylamino- 
(Ci.G)alkylcarbonylamino, C2-6 alkylcarbonyl, C 2 -g alkoxycarbonyl, halogen, 
nitro and trifluoromethyl. 

30 For use in medicine, the salts of the compounds of formula I will be 

p harm ace utically acceptable salts. Other salts may, however, be useful in 
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the preparation of the compounds according to the invention or of their 
pharmaceutical^ acceptable salts. Suitable pharmaceutical^ acceptable 
salts of the compounds of this invention include acid addition salts which 
may, for example, be formed by mixing a solution of the compound 
5 according to the invention with a solution of a pharmaceutical^ 
acceptable acid such as hydrochloric acid, sulphuric acid, 
methanesulphonic acid, fumaric acid, maleic acid, succinic acid, acetic 
acid, benzoic acid, oxalic acid, citric acid, tartaric acid, carbonic acid or 
phosphoric acid. Furthermore, where the compounds of the invention 
10 carry an acidic moiety, suitable pharmaceutical^ acceptable salts thereof 
may include alkali metal salts, e.g. sodium or potassium salts; alkaline 
earth metal salts, e.g. calcium or magnesium salts; and salts formed with 
suitable organic ligands, e.g. quaternary ammonium salts. 

As used herein, the expression "Ci-g alkyl" includes methyl and 
15 ethyl groups, and straight-chained or branched propyl, butyl, pentyl and 
hexyl groups. Particular alkyl groups are methyl, ethyl, /i-propyl, 
_ isopropyl, isobutyl, ter£-butyl and 2,2-dimethylpropyl. Derived expressions 
such as "Ci-g alkoxy", "Clg alkylthio", "Ci-g alkylsulphonyl" and "Cue 
alkylamino" are to be construed accordingly. 
20 ■ The expression "C2-6 alkenyl" as used herein refers to straight- 

chained and branched alkenyl groups containing from 2 to 6 carbon atoms. 
Typical examples include vinyl, allyl and dimethylallyl groups. 

The expression "C2.6 alkynyl" as used herein refers to straight- 
chained and branched alkynyl groups containing from 2 to 6 carbon atoms. 
25 Typical examples include ethynyl and propargyl groups. 

Particular C3-7 cycloalkyl groups include cyclopropyl and cyclohexyl. 
Particular aryl groups include phenyl and naphthyl. 
Particular aryl(Ci. G )alkyl groups include benzyl, phenylethyl, 
phenylpropyl and naphthylmethyl. 
30 Suitable heterocycloalkyl groups include azetidinyl, pyrrolidinyl, 

piperidinyl, piperazinyi and morpholinyl groups. 
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A typical spiroheterocyclyl group is l-oxa-8-azaspiro[4.5]dec-3-en-3- 

yl. 

Suitable heteroaryl groups include pyridinyl, quinolinyl, 
isoquinolinyl, pyridazinyl, pyrimidinyl, pyrazinyl, pyranyl, furyl, 
5 benzofuryl, dibenzofuryl, thienyl, benzthienyl, pyrrolyl, indolyl, 2,3,4,9- 
tetrahydro-lff-pyrido[3,4-fe]indolyl, pyrazolyl, indazolyl, oxazolyl, 
isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, benzimidazolyl, 
azabenzimidazolyl, oxadiazolyl, thiadiazolyl, triazolyl and tetrazolyl 
groups. 

10 The expression "heteroaryl(Ci-6)alkyr as used herein includes 

furylmethyl, furylethyl, thienylmethyl, thienylethyl, oxazolylmethyl, 
oxazolylethyl, thiazolylmethyl, thiazolylethyl, imidazolylmethyl, 
imidazolylethyl, imidazolylpropyl, oxadiazolylmethyl, oxadiazolylethyl, 
oxadiazolylpropyl, thiadiazolylmethyl, thiadiazolylethyl, triazolylmethyl, 

15 triazolylethyl, tetrazolylmethyl, tetrazolylethyl, pyridinylmethyl, 

pyridinylethyl, pyrimidinylmethyl, pyrazinylmethyl, quinolinylmethyl and 
isoquinolinylmethyl. 

The term "halogen" as used herein includes fluorine, chlorine, 
bromine and iodine, especially fluorine. 

20 The present invention includes within its scope prodrugs of the 

compounds of formula I above. In general, such prodrugs will be 
functional derivatives of the compounds of formula I which are readily 
convertible in vivo into the required compound of formula I. Conventional 
procedures for the selection and preparation of suitable prodrug 

25 derivatives are described, for example, in Design of Prodrugs, ed. H. 
Bundgaard, Elsevier, 1985. 

. Where the compounds according to the invention have at least one 
asymmetric centre, they may accordingly exist as enantiomers. Where the 
compounds according to the invention possess two or more asymmetric 

30 centres, they may additionally exist as diastereoisomers. It is to be 
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understood that all such isomers and mixtures thereof in any proportion 
are encompassed within the scope of the present invention. 

Suitably, the group R 1 represents phenyl or pyridinyl, especially 
phenyl, either unsubstituted or substituted by one or more optional 
5 substituents selected typically from Clg alkyl, Ci- G alkoxy and halogen. 
Particular values of R 1 include phenyl, methylphenyl, 
methoxyphenyl, fluorophenyl and chlorophenyl, especially chlorophenyl. 

Suitably, the group R 2 represents halogen; or C\. 6 alkyl, C 2 -g 
alkenyl, C 2 .g alkynyl, aryl, aryl(Ci-6)alkyl, heteroaryl, 
10 heteroaryl(Ci-6)alkyl, C 2 -g alkoxycarbonyl, Clg alkylaminocarbonyl or 

heteroarylaminocarbonyl, any of which groups may be unsubstituted, or 
substituted by one or more, suitably by one or two, substituents. 

More particularly, the group R 2 may represent C1-6 alkyl, aryl, 
aryl(Ci.6)alkyl, heteroaryl, C 2 .g alkoxycarbonyl, Ci-g alkylaminocarbonyl or 
15 heteroarylaminocarbonyl, any of which groups may be optionally 
substituted by one or more, suitably by one or two, substituents. 
Preferably, the group R 2 is unsubstituted or monosubstituted. 

Appropriately, the group R 2 may represent bromo or iodo; or 
methyl, ethyl, 71-propyl, isobutyl, vinyl, propynyl, phenyl, benzyl, 
20 pyridinyl, thienyl, indolyl, 2,3 ) 4,9-tetrahydro-li/-pyrido[3 J 4-6]indolyl, 
benzimidazolyl, imidazolylpropyl, oxadiazolylpropyl, pyridinylethyl, 
ethoxycarbonyl, propylaminocarbonyl or thiazolylaminocarbonyl, any of 
which groups may be optionally substituted. 

Typical values of R 2 include optionally substituted 71-propyl, phenyl, 
25 benzyl, pyridinyl, thienyl, ethoxycarbonyl, propylaminocarbonyl and 
thiazolylaminocarbonyl groups. 

Examples of representative substituents on the group R 2 include 
methyl, ethyl, hydroxymethyl, dimethylaminomethyl, benzylaminomethyl, 
pyridinylmethyl-aminomethyl, hydroxypropynyl, dimethylamino-propynyl, 
30 piperidinyl, piperazinyl, morpholinyl, pyrrolidinonyl, methyl-piperazinyl, 
tert-butoxycarbonyl-piperazinyl, pyrrolidinylmethyl, pyrrolidinylcarbonyl, 
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methyl-piperazinylcarbonyl, l-oxa-8-azaspiro[4.5]dec-3-en-3-yl, pyridinyl, 
thienyl, thiazolyl, imidazolyl, azabenzimidazolyl, oxadiazolyl, triazolyl, 
methyl-imidazolyl, raorpholinylmethyl-triazolyl, 
methylpiperazinylmethyl-triazolyl, pyridinylethyl, pyridinylethynyl, 
5 hydroxy, methoxy, benzoyloxy, amino, dimethylamino, acetylamino, 
methylsulphonylamino, cyclopropylmethylamino, 
di(cyclopropylmethyl)amino, pyridinylmethylamino, 
methyltriazolylmethylamino, ethylaminocarbonylamino, 2-amino-2- 
methylpropionamido, te^butoxycarbonylaminomethyl-carbonylamino, 
10 acetyl, imidazolylmethylcarbonyl, triazolylmethylcarbonyl, 

methoxycarbonyl, ethoxycarbonyl, aminocarbonyl, chloro, iodo, cyano and 
nitro. 

Examples of typical substituents on the group R 2 include 
piperazinyl, morpholinyl, pyrrolidinonyl, methyl-piperazinyl, tert- 

15 butoxycarbonyl-piperazinyl, pyrrolidinylcarbonyl, methyl- 
piperazinylcarbonyl, pyridinyl, thienyl, imidazolyl, oxadiazolyl, triazolyl, 
methoxy, amino, dimethylamino, acetylamino, methylsulphonylamino, 
pyridinylmethylamino, ethylaminocarbonylamino, 2-amino-2- 
methylpropionamido, te^butoxycarbonylaminomethyl-carbonylamino, 

20 chloro, iodo and nitro. 

Illustrative values of R 2 include bromo, iodo, hydroxymethyl, 
methyltriazolylmethylaminomethyl, imidazolylmethylcarbonylmethyl, 
ethyl, piperidinylethyl, aminocarbonylethyl, ;i-propyl, hydroxypropyl, 
benzoyloxypropyl, methoxycarbonylpropyl, aminocarbonylpropyl, 

25 cyanopropyl, isobutyl, imidazolylethenyl, pyridinylethenyl, 

ethoxycarbonylethenyl, aminocarbonylethenyl, morpholinyl-propynyl, 
dimethylamino-propynyl, phenyl, hydroxymethyl-phenyl, 
benzylaminomethyl-phenyl, pyridinylmethylaminomethyl-phenyl, 
hydroxypropynyl -phenyl, dimethylaminopropynyl-phenyl, piperazinyl- 

30 phenyl, morpholinyl-phenyl, pyrrolidinonyl-phenyl, methylpiperazinyl- 

phenyl, ter£-butoxycarbonylpiperazinyl-phenyl, pyrrolidinylmethyl-phenyl, 



■ 
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pyrrolidinylcarbonyl-phenyl, methylpiperazinylcarbonyl-phenyl, l-oxa-8- 
azaspiro[4.5]dec-3-en-3-ylphenyl, pyridinyl-phenyl, thienyl-phenyl, 
thiazolyl-phenyl, imidazolyl-phenyl, azabenzimidazolyl-phenyl, 
oxadiazolyl-phenyl, triazolyl-phenyl, methylimidazolyl-phenyl, 
5 morpholinylmethyl-triazolylphenyl, methylpiperazinylmethyl- 
triazolylphenyl, pyridinylethyl-phenyl, pyridinylethynyl-phenyl, 
hydroxyphenyl, methoxyphenyl, aminophenyl, dimethylamino-phenyl, 
acetylamino-phenyl, methylsulphonylamino-phenyl, N- 
(cyclopropylmethyl)aminophenyl, A^ ; A^-di(cyclopropylraethyl)aminophenyl, 

10 pyridinylmethyl-aminophenyl, ethylaminocarbonylamino-phenyl, 2- 
amino-2-methyl-propionamidophenyl, tert-butoxycarbonyl- 
aminomethylcarbonylaminophenyl, methoxycarbonyl-phenyl, 
aminocarbonyl-phenyl, chlorophenyl, iodophenyl, cyanophenyl, 
nitrophenyl, benzyl, pyridinyl, thienyl, dimethylaminomethyl-indolyl, 2- 

15 ethyl-2 f 3,4,9-tetrahydro-l/f-pyrido[3,4-6]indol-6-yl, 2-acetyl-2,3,4,9- 

tetrahydro-l#-pyrido[3,4-6]indol-6-yl, benzimidazolyl, imidazolylpropyl, 
methyloxadiazolyl-propyl, pyridinylmethyl, ethoxycarbonyl, 
propylaminocarbonyl and thiazolylaminocarbonyl. 

Particular values of R 2 include propyl, phenyl, piperazinyl-phenyl, 

20 morpholinyl-phenyl, pyrrolidinonyl-phenyl, methylpiperazinyl-phenyl, 
ter£-butoxycarbonylpiperazinyl-phenyl, pyrrolidinylcarbonyl-phenyl, 
methylpiperazinylcarbonyl-phenyl, pyridinyl-phenyl, thienyl-phenyl, 
imidazolyl-phenyl, oxadiazolyl-phenyl, triazolyl-phenyl, methoxyphenyl, 
aminophenyl, dimethylamino-phenyl, acetylamino-phenyl, 

25 methylsulphonylamino-phenyl, pyridinylmethyl-aminophenyl, 

ethylaminocarbonylamino-phenyl, 2-amino-2-methyl-propionamidophenyl, 
te^butoxycarbonyl-aminomethylcarbonylaminophenyl, chlorophenyl, 
iodophenyl, nitrophenyl, benzyl, pyridinyl, thienyl, ethoxycarbonyl, 
propylaminocarbonyl and thiazolylaminocarbonyl. 

30 Particular values of R 3 include hydrogen, methyl and ethyl, 

especially methyl. 
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A particular sub-class of compounds according to the invention is 
represented by the compounds of formula II, and salts and prodrugs 
thereof: 




5 (ID 
wherein 

R 3 is as defined above with reference to formula I; 
X and Y independently represent CH or nitrogen; 

10 R 10 represents hydrogen, Ci-g alkyl, Ci-g alkoxy, Ci-g alkylsulphonyl, 

C2-G alkylcarbonyl, halogen, cyano or trifluoromethyl; and 

R 20 represents hydroxy(Ci-G)alkyl, aryl(C].(i)alkylamino(Ci.6)alkyl, 
heteroaryl(Ci-G)alkylamino(Ci-G)alkyl, hydroxy(Ci-G)alkynyl, 
di(Ci-c)alkylamino(C2-G)alkynyl, C3.7 heterocycloalkyl, 

15 oxo(C3-7)heterocycloalkyl, Ci-g alkyl(C3-7)heterocycloalkyl, C2-6 

alkoxycarbonyl(C3-7)heterocycloalkyl, C3-7 heterocycloalkyl(Ci-6)alkyl, C37 
heterocycloalkylcarbonyl, Ci-g alkyl(C3-7)heterocycloalkylcarbonyl, 
spiroheterocyclyl, heteroaryl, Ci-g alkylheteroaryl, C3.7 heterocycloalkyl- 
(Ci-G)alkylheteroaryl, Ci-g alkyl(C3-7)heterocycloalkyl(Ci-G)alkylheteroaryl, 

20 heteroaryl(Ci.c)alkyI, heteroaryl(C2-c)alkynyl, hydroxy, Ci-g alkoxy, amino, 
di(Ci-G)alkylamino, C2-G alkylcarbonylamino, Ci-g alkylsulphonylamino, 
C3.7 cycloalkyl(Ci-c)alkylamino, di[(C3-7)cycloalkyl(Ci-G)alkyl]amino, 
heteroaryl(Ci-G)alkylamino, Ci-g alkylaminocarbonylamino, 
amino(Ci-G)alkylcarbonylamino, C2-G alkoxycarbonylamino- 
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(Ci-G)alkylcarbonylamino, Ci-c alkoxycarbonyl, aminocarbonyl, halogen, 
cyano or nitro. 

The present invention also provides a compound of formula II as 
depicted above, or a salt or prodrug thereof, wherein R 3 , X, Y and R 10 are 
5 as defined above; and 

R 20 represents C3.7 heterocycloalkyl, oxo(C3-7)heterocycloalkyl, Ci-g 
alkyl(C3.7)heterocycloalkyl, C2-G alkoxycarbonyl(C3-7)heterocycloalkyl, C3.7 
heterocycloalkylcarbonyl, Ci-g alkyl(C3-7)heterocycloalkylcarbonyl, 
heteroaryl, Ci-g alkoxy, amino, di(Ci-G)alkylamino, C2-6 
10 alkylcarbonylamino, Ci-g alkylsulphonylamino, 

heteroaryl(Ci-c)alkylamino, Ci-g alkylaminocarbonylamino, 
amino(Ci-G)alkylcarbonylamino, C2-G alkoxycarbonylamino- 
(Ci.c)alkylcarbonylamino, halogen or nitro. 
Suitably, X is CH. 
15 Suitably, Y is CH. 

Suitably, R 10 represents hydrogen, Ci-g alkyl, Ci-g alkoxy or halogen. 
Particular values of R 10 include hydrogen, methyl, methoxy, fluoro and 
chloro, especially chloro. 

Representative values of R 20 include hydroxymethyl, 
20 benzylaminomethyl, pyridinylmethylaminomethyl, hydroxypropynyl, 

dimethylaminopropynyl, piperazinyl, morpholinyl, pyrrolidinonyl, methyl- 
piperazinyl, tert-butoxycarbonyl-piperazinyl, pyrrolidinylmethyl, 
pyrrolidinylcarbonyl, methyl-piperazinylcarbonyl, l-oxa-8- 
azaspiro[4.5]dec-3-en-3-yl, pyridinyl, thienyl, thiazolyl, imidazolyl, 
25 . azabenzimidazolyl, oxadiazolyl, triazolyl, methylimidazolyl, 

morpholinylmethyl-triazolyl, methylpiperazinylmethyl-triazolyl, 
pyridinylethyl, pyridinylethynyl, hydroxy, methoxy, amino, 
dimethylamino, acetylamino, methylsulphonylamino, cyclopropylmethyl- 
amino, di(cyclopropylmethyl)amino, pyridinylmethylamino, 
30 ethylaminocarbonylamino, 2-amino-2-methylpropionamido, tert- 
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butoxycarbonylaminomethyl-carbonylamino, methoxycarbonyl, 
aminocarbonyl, chloro, iodo, cyano and nitro. 

Particular values of R 20 include piperazinyl, morpholinyl, 
pyrrolidinonyl, methyl-piperazinyl, tert-butoxycarbonyl-piperazinyl, 
5 pyrrolidinylcarbonyl, methyl-piperazinylcarbonyl, pyridinyl, thienyl, 
imidazolyl, oxadiazolyl, triazolyl, methoxy, amino, dimethylamino, 
acetylamino, methylsulphonylamino, pyridinylmethylamino, 
ethylaminocarbonylamino, 2-amino-2-methylpropionamido, tert- 
butoxycarbonylaminomethyl-carbonylamino, chloro, iodo and nitro. 
10 Specific compounds within the scope of the present invention 

include: 

2,5-dihydrq-2,7-diphenylpyrazolo[4,3-c]pyridin-3-one; 
2,5-dihydro-2-phenyl-7-propylpyrazolo[4,3-c]pyridin-3-one; 
2,5-dihydro-2-(4-methoxyphenyl)-7-propylpyrazolo[4,3-c]pyridin-3-one; 
15 2-(4-chlorophenyl)-2,5-dihydro-7-propylpyrazolo[4,3-c]pyridin-3-one; 
7-benzyl-2-(4-chlorophenyl)-2,5-dihydropyrazolo[4,3-c]pyridin-3-one; 
7-benzyl-2,5-dihydro-2-(4-methoxyphenyl)pyrazolo[4,3-c]pyridin-3-pne; 
3,5-dihydro-3-oxo-2-phenyl-2i7-pyrazolo[4,3-c]pyridine-7-carboxylic acid 
propylamide; 

20 3,5-dihydro-3-oxo-2-phenyl-2i/-pyrazolo[4,3-c]pyridine-7-carboxylic acid 
thiazol-2-y lamide ; 

2- (4-chlorophenyl)-2,5-dihydro-6-methyl-7-phenylpyrazolo[4,3-clpyridin-3- 
one; 

2,5-dihydro-2-(4-methoxyphenyl)-6-methyl-7-phenylpyrazolo[4,3-c]pyridin- 
25 3-one; 

2,5-dihydro-6-methyl-2,7-diphenylpyrazolo[4,3-c]pyridin-3-one; 
2,5-dihydro-6-methyl-2-(4-methylphenyl)-7-phenylpyrazolo[4,3-c]pyridin- 

3- one; 

2-(4-fluorophenyl)-2,5-dihydro-6-methyl-7-phenylpyrazolo[4,3-c]pyridin-3- 
30 one; 
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6-ethyl-2,5-dihydro-2-(4-methox 
one; 

G-e^l^.S-dihydro^.T-diphenylpyrazolo^^-clpyridin-S-one; 
2,5-dihydro-2J-bis(4-methoxyphenyl)-6>methylpyrazolo[4,3-c]pyridin-3- 
5 one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(4-methoxyphenyl)-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2 > 7-bis(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro-7-(3-methoxyphenyl)-6-methyl- 
10 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2 5 5-dihydro-7-(2-methoxyphenyl)-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-(thiophen-2-yl)pyrazolo[4,3- 
c]pyridin-3-one; 

15 2-(4-chlorophenyl)-2,5-dihydro-7-(3-iodophenyl)-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl«7-[3-(pyridin-3-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5"dihydro-6-methyl-7-[3-(thiophen-2-yl)phenyl]- 
20 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(3-methyia,2,4-oxadiazol-5- 

yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(pyrrolidin-l- 

ylcarbonyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
25 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(4-raethylpiperazin-l- 

ylcarbonyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(imidazoM-yl)phenyl]- 

pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro«6-methy]-7'[4-(pyridin-3-yl)phenyl]- 
30 pyrazolo[4, 3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(morpholin-4-yl)phenyl]^ 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-nitrophenyl]pyrazolo[4,3- 
c]pyridin-3-one; 

5 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(3- 

pyridylmethylamino)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(dimethylamino)phenyl]- 
10 pyrazolo[4,3-c]pyridin-3-one; 

N-{3-[2-(4-chlorophenyl)-3,5-dihydro-6-methyl-3-oxo-2H-pyrazolo[4,3- 

c]pyridin-7-yI]phenyl}methanesulphonamide; 

2-(4-chlorophenyl)-2 ( 5-dihydro-6'-methyl-7-[3-(4^-l,2,4-triazol-4- 

yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
15 N-{3-[2-(4-chlorophenyl)-3,5-dihydro-6-methyl-3-oxo-2i/-pyrazolo[4,^ 

c]pyridin-7-yl]phenyl}-N-(ethyl)urea; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(4-methylpiperazin-l- 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2 > 5-dihydro-2-phenyl-7-(4-pyridyl)pyrazolo[4,3-c]pyridin-3-one; 
20 7-(4-aminophenyl)-2-(4-chlorophenyl)-2,5-dihydrO"6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

7-(4-acetamidophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

7-[4-(4-(^er^-butoxycarbonyl)piperazin-l-yl)phenyl]-2-(4-chlorophenyl)-2,5- 
25 dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(piperazin-l-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7"[4-(pyrrolidin-2-on-l- 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
30 7-[4-(2-amino-2-methylpropionamido)phenyl]-2-(4-chlorophenyl)-2 ) 5- 
dihydro-6-raethylpyrazolo[4,3-c]pyridin-3-one; 
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2-(4<:hlorophenyl)-2,5-dihydro-6-methyl^^ 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

7-[4•(N / ^e^^butoxycarbonylglycinamido)phenyl]-2-(4•chlorophenyl)-2,5- 
dihydro-6-methylpyra2olo[4,3-c]pyridin-3-one; 
5 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l,2,4-triazol-4-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-7-(4*cyanophenyl)-2,5'dihydrO"6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

7-(3-cyanophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3- 
10 c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl^ 
phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-7-[4-(N,Mdi(cyclopropylmethyl)amino)phen 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 
15 2-(4-chlorophenyl)-7-[4-(N-cycto^ 

methylpyrazolo[4,3-c]pyridin-3-one; 

7-(4-carboxamidophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(3-methoxycarbonylphenyl)-6-methyl- 

20 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(pyridin-2- 
ylmethylaminomethyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(pyridin-2- 
ylmethylaminomethyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

25 7-[4-(>enzylaminomethyl)phenyy 
pyrazolo[4,3-c]pyridin-3-one; 

7-(3-carboxamidophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(pyrrolidin-l- 
30 ylmethyl)phenyl]-pyrazolo[4,3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dihydro-7^4-(hydroxymethyl)phenyl]-6-methyl^ 
pyrazo lo [4 , 3 -c] py ridin - 3-one ; 

2-(4-chlorophenyl)-2,5-dihydro-7-(4-iodophenyl)-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

5 2-(4-chlorophenyl)-2 J 5-dihydro-6-methyl-7-[4-(3-dimethylaminopropa-yn- 

1- yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2- (4-chlorophenyl)-2,5-dihydro-7-[4-(imidazol-l-yl)phenyl]-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-[4-(imidazol-2-yl)phenyl]-6-methyl- 
10 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l 1 2,34riazol-5-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(thiazol-2-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 
15 2-(4-chlorophenyl)-2,5-dihydro-7-(4-hydroxyphenyl)-6-methylpyrazolo[4 f 3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-[4-(3-hydroxyprop-l-yn-l-yl)phenyl]-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 

7-[4-(6-azabenzimidazol-2-yl)phenyl]-2-(4-chlorophenyl)-2,5-dihydro-6- 
20 methylpyrazolo[4,3-c]pyridin-3-one; 

7-(2-acetyl-2,3,4,9-tetrahydro-lif-pyrido[3 f 4-6]indol«6-yl)-2-(4- 

chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-7-^ 

yl)-2,5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 
25 2-(4-chlorophenyl)-2,5-dihydro-7-[2^ 
methylpyrazolo[4,3-c]pyridin-3-one; 

7-(benzimidazol-5-yl)-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-744-(4-(morpholin-4-ylraethyl)- 
30 l,2,3-triazol-5-yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(4-(morpholin-4-methyl)- 
l ) 2,3-triazol-5-yl)pheny]]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(2-(pyridin-2-yl)eth-l-yn-l- 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

5 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(2-(pyridin-2- 
yl)ethyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l-methylimidazol-2- 
yl)phenyl]-pyrazoIo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l,2,4-triazoI-3-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l-oxa-8-azaspiro[4.5]dec-3- 
en-3-yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

7-bromo-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3- 
one; 

2-(4-chlorophenyl)-2,5-dihydro-7-iodo.6-methylpyrazolo[4,3-c]pyridin-3- 
one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(2-ethoxycarbonylethenyl)-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

7-(2-carboxamidoethenyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(pyridin-4-yl)ethenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

7-benzyl-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3- 
one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(pyridin-4- 
yl)e thyl]pyrazolo [4 , 3-c]pyridin- 3-one ; 

7-(2-carboxamidoethyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihyd^ 
pyrazolo[4,3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dihydro-7-(3-dimethylaminoprop-l-ynyl)-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2 I 5-dihydro-6-methyl-7-(thien-3-yl)pyrazolo[4 I 3- 
c]pyridin-3-one; 

5 2-(4.chlorophenyl)-3 ) 5-dihydro-6-methyl-3-oxo-2//.pyrazolo[4 ) 3- C ]pyridine- 
7-carboxylic acid ethyl ester; 

2-(4-chlorophenyl)-2,5-dihydro-7-[2-( 1 midazol-l-yl)ethenylJ-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2 ( 5-dihydro.7-ethyl-6-methylpyrazolo[4,3.c]pyridin.3- 
10 one; 

2-(4.chlorophenyl)-2,5-dihydro-7-(2-methyl P ropyl)-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(pyridin-2- 
yl)e thyl]pyrazolo [4, 3 -cjpyridin- 3-one ; 

15 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(piperidin-2-yl)ethyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5.dihydro-6-methyl-7.[3-(morpholin-4-yl)prop-l-ynyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-hydroxy m ethyl-6-methylpyrazolo[4 ) 3- 
20 c]pyridin-3-one; 

2-(4-chlorophenyl)-2 ( 5-dihydro-6-methyl-7-[2-oxo-3-(l,2,4-triazol-l- 
yl)propyl]-pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-[3-(imidazol-l-yl)-2-oxopropyl]-6.methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

25 2<4-chlorophenyl)-2 > 5-dihydro-6-methyl-7-[Ar-(2-methyl-2i/-l,2 > 4-triazol-3- 
ylmethyl)aminomethyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(3-methoxycarbonylpropyl)-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 

7-(3-carboxamidopropyl)-2-(4-chlorophenyl)-2,5-d 1 hydro-6-methyl- 
30 pyrazolo[4,3-c]pyridin-3-one; 
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7-(3-benzoyloxypropyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro 
yl)propyl]pyrazolo[4,3-c]pyridin-3-one; 

5 2-(4-chlorophenyl)-7-(3-cyanopropyl)-2,5-dihydro-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-(pyridin-3-yl)pyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-[3-(l//-imidazol-2-yl)propyl]-6-methyl- 

10 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(3-hydroxypropyl)-6-methylpyrazolo[4,3- 

c]pyridin-3-one; 

and salts and prodrugs thereof. 

The invention also provides pharmaceutical compositions 

15 comprising one or more compounds of this invention in association with a 
pharmaceutical^ acceptable carrier. Preferably these compositions are in 
unit dosage forms such as tablets, pills, capsules, powders, granules, 
sterile parenteral solutions or suspensions, metered aerosol or liquid 
sprays, drops, ampoules, auto-injector devices or suppositories; for oral, 

20 parenteral, intranasal, sublingual or rectal administration, or for 
administration by inhalation or insufflation. For preparing solid 
compositions such as tablets, the principal active ingredient is mixed with 
a pharmaceutical carrier, e.g. conventional tableting ingredients such as 
corn starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium 

25 stearate, dicalcium phosphate or gums, and other pharmaceutical 

diluents, e.g. water, to form a solid preformulation composition containing 
a homogeneous mixture of a compound of the present invention, or a 
pharmaceutical^ acceptable salt thereof. When referring to these 
preformulation compositions as homogeneous, it is meant that the active 

30 ingredient is dispersed evenly throughout the composition so that the 

composition may be readily subdivided into equally effective unit dosage 
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forms such as tablets, pills and capsules. This solid preform ulation 
composition is then subdivided into unit dosage forms of the type 
described above containing from 0.1 to about 500 mg of the active 
ingredient of the present invention. Typical unit dosage forms contain 
5 from 1 to 100 mg, for example 1, 2, 5, 10, 25, 50 or 100 mg, of the active 
ingredient. The tablets or pills of the novel composition can be coated or 
otherwise compounded to provide a dosage form affording the advantage of 
prolonged action. For example, the tablet or pill can comprise an inner 
dosage and an outer dosage component, the latter being in the form of an 

10 envelope over the former. The two components can be separated by an 
enteric layer which serves to resist disintegration in the stomach and 
permits the inner component to pass intact into the duodenum or to be 
delayed in release. A variety of materials can be used for such enteric 
layers or coatings, such materials including a number of polymeric acids 

15 and mixtures of polymeric acids with such materials as shellac, cetyl 
alcohol and cellulose acetate. 

The liquid forms in which the novel compositions of the present 
invention may be incorporated for administration orally or by injection 
include aqueous solutions, suitably flavoured S3'rups, aqueous or oil 

20 suspensions, and flavoured emulsions with edible oils such as cottonseed 
oil, sesame oil, coconut oil or peanut oil, as well as elixirs and similar 
pharmaceutical vehicles. Suitable dispersing or suspending agents for 
aqueous suspensions include synthetic and natural gums such as 
tragacanth, acacia, alginate, dextran, sodium carboxymethylcellulose, 

25 methylcellulose, polyvinylpyrrolidone or gelatin. 

In the treatment of anxiety, a suitable dosage level is about 0.01 to 
250 mg/kg per day, preferably about 0.05 to 100 mg/kg per day, and 
especially about 0.05 to 5 mg/kg per day. The compounds may be 
administered on a regimen of 1 to 4 times per day. 
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The compounds in accordance with the present invention may be 
prepared by a process which comprises reacting a compound of formula III 
with a hydrazine derivative of formula IV, or an acid addition salt thereof: 



wherein R 1 , R 2 and R 3 are as defined above, L represents a readily 
displaceable group, and Z represents a reactive carboxylate moiety. 

The acid addition salt of the hydrazine derivative of formula IV is 
suitably a mineral acid addition salt, typically the hydrochloride salt. 

The readily displaceable group L in the compound of formula III is 
suitably a halogen atom, e.g. chloro. 

Suitable values for the reactive carboxylate moiety Z include esters, 
for example Ci- 4 alkyl esters; acid anhydrides, including mixed anhydrides 
with Cm alkanoic acids; acid halides, for example acid chlorides; and 
acylimidazoles. Typically, Z represents methoxycarbonyl or 
ethoxycarbonyl. 

The reaction between compounds III and IV may conveniently be 
carried out by heating the reactants in a suitable solvent, e.g. a lower 
alkanol such as n-butanol or ethanol, typically at the reflux temperature. 

A typical intermediate of formula III wherein the readily 
displaceable group L is chloro may conveniently be prepared by treating 
the compound of formula V: 




R NHNH 2 



(III) 



(IV) 
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0 




(V) 



wherein R 2 , R 3 and Z are as defined above; with phosphorus oxychloride. 
Where they are not commercially available, the starting materials 
5 of formula IV and V may be prepared by methods analogous to those 

described in the accompanying Examples, or by standard methods well 

known from the art. 

It will be understood that any compound of formula I initially 

obtained from any of the above processes may, where appropriate, 
10 subsequently be elaborated into a further compound of formula I by 

techniques known from the art, including the methods described in the 

accompanying Examples. 

Where the above-described processes for the preparation of the 

compounds according to the invention give rise to mixtures of 
15 stereoisomers, these isomers may be separated by conventional techniques 

such as preparative chromatography. The novel compounds may be 

prepared in racemic form, or individual enantiomers may be prepared 

either by enantiospecific synthesis or by resolution. The novel compounds 

may, for example, be resolved into their component enantiomers by 
20 standard techniques such as preparative HPLC, or the formation of 

diastereomeric pairs by salt formation with an optically active acid, such 

as (-)-di-p-toluoyl-d-tartaric acid and/or (+)-di-p-toluoyl-l-tartaric acid, 

followed by fractional crystallization and regeneration of the free base. 

The novel compounds may also be resolved by formation of diastereomeric 
25 esters or amides; followed by chromatographic separation and removal of 

the chiral auxiliary. 
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During any of the above synthetic sequences it may be necessary 
and/or desirable to protect sensitive or reactive groups on any of the 
molecules concerned. This may be achieved by means of conventional 
protecting groups, such as those described in Protective Groups in Organic 
5 Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and T.W. Greene & 
P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 
1991. The protecting groups may be removed at a convenient subsequent 
stage using methods known from the art. 

The following Examples illustrate the preparation of compounds 
10 according to the invention. 

The compounds in accordance with this invention potently inhibit 
the binding of [ 3 H]-flumazenil to the benzodiazepine binding site of human 
GABAa receptors containing the ct2 or a 3 subunit stably expressed in Ltk- 
cells. 

15 

Reagents 

• Phosphate buffered saline (PBS). 

• Assay buffer: 10 mM KH2PO4, 100 mM KC1, pH 7.4 at room 
temperature. 

20 • PH]-Flumazenil (18 nM for alp3y2 cells; 18 nM for a2p3y2 cells; 10 nM 
for a3p3y2 cells) in assay buffer. 

• Flunitrazepam 100 |iM in assay buffer. 

• Cells resuspended in assay buffer (1 tray to 10 ml). 

25 Harvesting Cells 

Supernatant is removed from cells. PBS (approximately 20 ml) is 
added. The cells are scraped and placed in a 50 ml centrifuge tube. The 
procedure is repeated with a further 10 ml of PBS to ensure that most of 
the cells are removed. The cells are pelleted by centrifuging for 20 min at 

30 3000 rpm in a benchtop centrifuge, and then frozen if desired. The pellets 
are resuspended in 10 ml of buffer per tray (25 cm x 25 cm) of cells. 
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Assay 

Can be carried out in deep 96-well plates or in tubes. Each tube 
contains: 
5 • 300 of assay buffer. 

• 50 nl of [ 3 H]-flumazenil (final concentration for ctip3y2: 1.8 nM; for 
a2p3y2: 1.8 nM; for a3p3y2: 1.0 nM). 

• 50 nl of buffer or solvent carrier (e.g. 10% DMSO) if compounds are 
dissolved in 10% DMSO (total); test compound or flunitrazepam (to 

10 determine non-specific binding), 10 [xM final concentration. 

• 100 fil of cells. 

Assays are incubated for 1 hour at 40°C, then filtered using either a 
Tomtec or Brandel cell harvester onto GF/B filters followed by 3 x 3 ml 
washes with ice cold assay buffer. Filters are dried and counted by liquid 

15 scintillation counting. Expected values for total binding are 3000-4000 
dpm for total counts and less than 200 dpm for non-specific binding if 
using liquid scintillation counting, or 1500-2000 dpm for total counts and 
less than 200 dpm for non-specific binding if counting with meltilex solid 
scintillant. Binding parameters are determined by non-linear least 

20 squares regression analysis, from which the inhibition constant Ki can be 
calculated for each test compound. 

The compounds of the accompanying Examples were tested in the 
above assay, and all were found to possess a Ki value for displacement of 
L 3 H]-flumazenil from the a2 and/or a3 subunit of the human GABAa 

25 receptor of 100 nM or less. 

EXAMPLE 1 

2,5-Dihvdro-2.7- diphenvlDvrazolof4.3-c1pyridin-3-Qne 
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a) Ethvl 4-chloro-3-phenvl-5-pvridinecarboxvlate . 

A mixture of ethyl l,4-dihydro-4-oxo-3-phenyl-5-pyridinecarboxylate 
(prepared from phenylacetyl chloride according to the procedures 
described in J. Org. Chem. 1978, 43, 2087-2088 and J. Heterocyclic Chem. 
5 1980, 7 7, 359-368) (3.82 g, 15.7 mmol) and phosphorus oxychloride (50 ml) 
was heated at reflux overnight. The excess solvent was removed in vacuo. 
The residue was partitioned between ice-cold aqueous Na2C03 and ethyl 
acetate, and the organic layer was evaporated in vacuo to afford 3.72 g 
' (90%) of the title compound as a brown solid; J H NMR (250 MHz, CDC1 3 ) 5 
10 1.44 (3H, t, J 7.2 Hz), 4.47 (2H, q, J 7.2 Hz), 7.40-7.54 (5H, m), 8.62 (1H, 
s), 8.91 (1H, s); MS (ES + ) m/z 262/264 [MH]+. 

b) 2 < 5-Dihvdro-2,7-diphenvlpyrazoloF4,3-dpvridin-3-one 

A mixture of ethyl 4-chloro-3-phenyl-5-pyridinecarboxylate (0.300 g, 
15 1.15 mmol) and phenylhydrazine (0.125 ml, 1.27 mmol) in 1-butanol (25 
ml) was stirred at reflux under nitrogen for 24 h. More phenylhydrazine 
(0.125 ml, 1.27 mmol) was added and the mixture was stirred at reflux far 
a further 3 days. The solvent was removed in vacuo and dichloromethane, 
followed by hydrogen chloride in diethyl ether, was added. The solution 
20 was filtered, and the filtrate was washed with aqueous NaHC03 and 

evaporated in vacuo to give 31 mg (9%) of the title compound as a yellow 
solid; mp 280-285°C; *H NMR (250 MHz, DMSO-ds) 5 7.18 (1H, t, J 7.4 
Hz), 7.41-7.56 (5H, m), 7.91 (1H, s), 8.17 (2H, d, J 7.1 Hz), 8.22 (2H, d, J 
7.5 Hz), 8.58 (1H, s), 12.60 (1H, br s); MS (ES + ) m/z 288 [MH] + . Anal. 
25 found: C, 70.03; H, 5.00; N, 13.41. C]8Hi 2 N 3 0.1.3H20 requires: C, 69.80; 
H, 4.75; N, 13.56%. 

EXAMPLE 2 

30 2,5-Dihvdro-2-phenvl-7-propvlpvrazolof4,3-clpyridin-3-one 
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a) Ethyl 4-chloro-3-propvl-5-pvridinecarboxvlate 

A mixture of ethyl l,4-dihydro-4-oxo-3-propyl.5-pyridinecarboxylate 
(prepared from 3-oxoenanthic acid, ethyl ester as described in J. 
Heterocyclic Chem. 1980, 27, 359-368) (3.33 g, 15.9 mmol) and phosphorus 
5 oxychloride (50 ml) was heated at reflux for 2 h. The excess solvent was 
removed in vacuo and the residue was azeotroped with toluene. The 
residue was dissolved in dichloromethane (75 ml) and washed with 
saturated aqueous NaHC0 3 (100 ml). The aqueous layer was further 
extracted with dichloromethane (2 x 75 ml), and the combined organic 

10 extracts were dried (Na 2 S0 4 ) and evaporated in vacuo. The residue was 
purified by flash chromatography (silica gel, 25% EtOAc/hexane) to yield 
2.84 g (78%) of the title compound as a pale yellow oil; J H NMR (250 MHz, 
CDC1 3 ) 8 1.00 (3H, t, J 7.3 Hz), 1.42 (3H, t, J 7.1 Hz), 1.68 (2H, m), 2.77 
(2H, m), 4.43 (2H, q, J 7.1 Hz), 8.51 (1H, s), 8.78 (1H, s); MS (ES + ) m/z 

15 228/230 [MH] + . 

b ) 2,5-Dihvdro-2-phenvl-7-propvbvrazolof4.3-c1pyridin-3>one 

A mixture of ethyl 4-chloro-3-propyl-5-pyridinecarboxylate (0.5123 
g, 2.25 mmol) and phenylhydrazine (0.32 ml, 3.25 mmol) in anhydrous 

20 1-butanol (18 ml) was stirred at reflux under nitrogen for 50 h. The 
solvent was removed in vacuo and the residue was purified by flash 
chromatography (silica gel, 5-10% MeOH/CH 2 Cl 2 ) to give 0.4767 g (84%) of 
the title compound as a yellow solid; mp 221-224°C (CH 2 Cl 2 -EtOAc- 
hexane); *H NMR (360 MHz, DMSO-d<?) 5 0.95 (3H, t, J 7.3 Hz), 1.77 (2H, 

25 m), 2.63 (2H, t, J 7.3 Hz), 7.15 (1H, t, J 1A Hz), 7.36 (1H, s), 7.42 (2H, t, J 
7.4 Hz), 8.19 (2H, d, J 7.5 Hz), 8.47 (1H, s), 12.14 (1H, br s); MS (ES + ) m/z 
254 [MH] + . Anal, found: C, 71.22; H, 5.59; N, 16,45. C15H15N3O requires: 
C, 71.13; H, 5.97; N, 16.59%. 
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EXAMPLE 3 

2,5-Dihvdro-2-(4-methox\T 3henvn-7-nropvlDvrazolof4.3-clDvridin-3-onp 

Following a similar procedure to that described in Example 2, Step 
5 b, except using 4-methoxyphenylhydrazine hydrochloride instead of 

phenylhydrazine (and degassing the cold mixture by evaporating the flask 
under vacuum and refilling with nitrogen several times), the title 
compound was prepared in 32% yield as a yellow solid; mp 165°C (CH2CI2- 
EtOAc-hexane); »H NMR (360 MHz, DMSO-d<r) 6 0.94 (3H, t, J 7.4 Hz), 
10 1.76 (2H, m), 2.63 (2H, t, J 7.4 Hz), 3.77 (3H, s), 6.99 (2H, d, J 9.2 Hz), 

7.34 (1H, s), 8.07 (2H, d, J 9.2 Hz), 8.44 (1H, s), 12.12 (1H, br s); MS (ES + ) 
m/z 284 [MH] + . Anal, found: C, 66.54; H, 6.12; N, 14.40. 
C1GH17N3O2.O.3H2O requires: C, 66.56; H, 6.14; N, 14.55%. 

15 EXAMPLE 4 

2-(4-Chlorophenvl)-2.5-dihv dro-7-Dropvlr)vrazolo[4.3.clpvridin.3-onP 
hydrochloride 

A mixture of ethyl 4-chloro-3-propyl-5-pyridinecarboxylate (0.3199 
20 g, 1.40 mmol) and 4-chlorophenylhydrazine hydrochloride (0.3019 g, 1.69 
mmol) in anhydrous 1-butanol (12 ml) was degassed by evaporating the 
flask under vacuum and refilling with nitrogen several times and then 
stirred at reflux under nitrogen for 4 h. After leaving to cool overnight, 
the mixture was filtered, and the solid was washed with ethyl acetate and 
25 dried at 60°C under vacuum to afford 0.2454 g (54%) of the title compound 
as a yellow solid; mp 213-218°C (CHiCla-MeOH-EtOAc); >H NMR (360 
MHz, DMSO-d c ) 5 0.94 (3H, t, J 7.4 Hz), 1.76 (2H, m), 2.64 (2H, t, J 7.3 
Hz), 7.41 (1H, s), 7.48 (2H, d, J 9.0 Hz), 8.24 (2H, d, J 8.9 Hz), 8.52 (1H, s), 
12.36 (1H, br s); MS (ES + ) m/z 288/290 [MH] + . Anal, found: C, 56.13; H, 
30 4.64; N, 13.02. C15H14CIN3O.O.9HCI requires: C, 56.20; H, 4.69; N, 13.11%. 
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EXAMPLE 5 

7-Benzvl-2-(4-chlorophenvI)-2.5-dihvdropyrazolor4 < 3-clpvridin>3-nTiP 
hydrochloride 

5 

a) Ethyl 3-oxo-5-phenvlpentanoate 

To a stirred mixture of isopropylidene malonate (5.00 g, 34.7 mmol) 
in anhydrous dichloromethane (15 ml), cooled under nitrogen to 3°C, was 
added dropwise, over 7 min, dried pyridine (6.81 ml, 84.2 mmol). The 

10 resulting colourless solution was stirred at 3°C for 3 min, then a solution 
of hydrocinnamoyl chloride (5.00 ml, 33.7 mmol) in anhydrous 
dichloromethane (13 ml) was added dropwise over 2.5 h, whilst 
maintaining the temperature below 6°C. The resulting orange cloudy 
mixture was stirred at 3°C for 1 h, then at room temperature for 2.5 h. 

15 The mixture was diluted with dichloromethane (20 ml) and poured into 

ice-cold 1M aqueous HC1 (42 ml). The aqueous layer was further extracted 
with dichloromethane (2 x 25 ml), and the combined organic extracts were 
washed with 1M aqueous HC1 (2 x 25 ml), then saturated aqueous NaCl 
(25 ml), dried (Na2SO<i) and evaporated in vacuo to leave 9.06 g of crude 

20 5-benzylacetyl-2,2-dimethyl-l,3-dioxane-4,6-dione as an orange oil. 

This was dissolved in ethanol (55 ml) and the solution was heated 
at reflux under nitrogen for 2.5 h. The solvent was removed in vacuo and 
the residue was purified by flash chromatography (silica gel, 10% 
EtOAc/hexane) to give 5.582 g (75%) of the title compound as a colourless 

25 oil; m NMR (250 MHz, CDC1 3 ) 1.26 (3H, t, J 7.1 Hz), 2.90 (4H, m), 3.42 
(2H, s), 4.18 (2H, q, J 7.1 Hz), 7.17-7.32 (5H, m). 

b) Ethyl 3-benzvl-1.4-dihvdro-4-oxo-5-pvridinecarboxvlate 

To a solution of sodium (0.5835 g, 25.4 mmol) in ethanol (18 ml) 
30 under nitrogen, was added ethyl 3-oxo-5-phenylpentanoate (5.5752 g, 25.3 
mmol) in ethanol (5 ml) and 1,3,5-triazme (2.0544 g, 25.3 mmol). The 
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mixture was heated at reflux for 1 h, then allowed to cool. The solvent 
was removed in vacuo, and water (15 ml) was added to the residue. The 
pH was brought to 4 by the addition of coned HC1 (3 ml) and the mixture 
was left overnight. The resulting solid was collected by filtration, washed 
5 with ethanol and dried under vacuum at 60°C to yield 4.6324 g (71%) of 
the title compound as a buff solid; W NMR (360 MHz, DMSO-d<?) 5 1.24 
(3H, t, J 7.1 Hz), 3.64 (2H, s), 4.16 (2H, q, J 7.1 Hz), 7.15-7.28 (5H, m), 
7.53 (1H, s), 8.18 (1H, s), 11.64 (1H, br s). 

10 c) Ethyl 3-benzvI-4-chloro-5-pyridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl 3-benzyl-l,4-dihydro-4-oxo-5-pyridinecarboxylate 
instead of ethyl l,4-dihydro-4-oxo-3-propyl-5-pyridinecarboxylate, the title 
compound was prepared in 83% yield as a pale yellow oil; *H NMR (360 

15 MHz, CDCI3) 5 1.41 (3H, t, J 7.1 Hz), 4.16 (2H, s), 4.43 (2H, q, J 7.1 Hz), 
7.17-7.33 (5H, m), 8.49 (1H, s), 8.83 (1H, s); MS (ES + ) m/z 276/278 [MHJ+. 

d) 7-Benzvl-2-(4-chlorouhenvl)-2.5-dihvdror)vrazolof4.3-c1pvridin-3-one 
hydrochloride 

20 Following a similar procedure to that described in Example 4, 

except using ethyl 3-benzyl-4-chloro-5-pyridinecarboxylate instead of ethyl 
4-chloro-3-propyl-5-pyridinecarboxylate, the title compound was prepared 
in 50% yield as a cream solid; mp 175-180°C (CH 2 Cl2-MeOH-HCl-Et 2 0- 
EtOAc); m NMR (360 MHz, DMSO-d*) 5 3.98 (2H, m), 7.21 (1H, t, J 7.3 

25 Hz), 7.30 (2H, t, J 7.2 Hz), 7.36 (1H, s), 7.42 (2H, d, J 7.2 Hz), 7.49 (2H, d, 
J 8.9 Hz), 8.25 (2H, d, J 8.9 Hz), 8.52 (1H, s), 12.36 (1H, br s); MS (ES + ) 
m/z 336/338 [MH] + . Anal, found: C, 62.16; H, 3.83; N, 11.36. 
C19H14CIN3O.O.9HCI requires: C, 61.91; H, 4.07; N, 11.40%. 
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EXAMPLE 6 

7-Benzvl-2.5-dihvdro-2-(4-methox\g)henvlbvrazolo[4,3-c1pvridin-3-one 
hydrochloride 

5 Following a similar procedure to that described in Example 4, 

except using ethyl 3-benzyl-4-chloro-5-pyridinecarboxylate and 4- 
methoxyphenylhydrazine hydrochloride instead of ethyl 4-chloro-3-propyl- 
5-pyridinecarboxylate and 4-chlorophenylhydrazine hydrochloride, the 
title compound was prepared, after trituration with CH2Cl2-MeOH-HCl- 

10 Et 2 0, in 30% yield as a cream solid; mp 179-185°C; *H NMR (360 MHz, 

DMSO-d<?) 6 3.78 (3H, s), 4.00 (2H, m), 7.01 (2H, d, J 9.2 Hz), 7.21 (1H, t, J 
7.3 Hz), 7.31 (2H, t, J 7.3 Hz), 7.41 (1H, s), 7.42 (2H, d, J 7.0 Hz), 8.05 
(2H, d, J 9.2 Hz), 8.56 (1H, s), 12.52 (1H, br s); MS (ES+) m/z 332 [MH]+. 
Anal, found: C, 65.36; H, 4.86; N, 11.25. C20H17N3O2.HCI requires: C, 

15 65.31; H, 4.93; N, 11.42%. 

EXAMPLE 7 

3 t 5-Dihvdro-3>oxo-2-phenvl-2H-r)vrazolor4 < 3-c}pvndine-7>carboxvIic acid 
20 propylamide 

a) Diethyl 4-chloro-3,5-pyridinedicarboxvlate 

Following a similar procedure to that described in Example 1, Step 
a, except using diethyl l,4-dihydro-4-oxo-3,5-pyridinedicarboxylate 

25 (prepared from diethyl 1,3-acetonedicarboxylate as described in J. 

Heterocyclic Chem. 1980, 27, 359-368) instead of ethyl l,4-dihydro-4-oxo-3- 
phenyl-5-pyridinecarboxylate, the title compound was prepared, after 
purification by flash chromatography (silica gel, 10% EtQAc/hexane), in 
quantitative yield; 'H NMR (250 MHz, CDCI3) 5 1.43 (6H, t, J 7.1 Hz), 

30 4.46 (4H, q, J 7.1 Hz), 8.98 (2H, s); MS (ES + ) m/z 258/260 [MH]+. 
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b) 3,5-Dihvdro-3-oyo-?..phenyl-2^.nvra7X)lor4.3.r]p vr;^na.7. carhnyv i if , gpi - H 
ethyl ester 

A mixture of diethyl 4-chloro-3,5-pyridinedicarboxylate (3.09 g> 12.0 
mmol) and phenylhydrazine (1.42 ml, 14.4 mmol) in ethanol (100 ml) was 
degassed by evaporating under vacuum and refilling with nitrogen several 
times. The mixture was then stirred at reflux for 17 h under nitrogen. 
The mixture was left to cool in the fridge for a few hours, then filtered 
from a solid, which was washed with ethanol and ethyl acetate. The 
combined filtrates were evaporated in vacuo, and the residue was purified 
by flash chromatography (silica gel, 5% MeOH/CH 2 Cl 2 ) to afford 1.559 g 
(46%) as an orange solid; >H NMR (360 MHz, DMSO-ds) 5 1.35 (3H t, J 7.1 
Hz), 4.34 (2H, q, J 7.1 Hz), 7.18 (1H, t, J 7.3 Hz), 7.44 (2H, t, J 7.5 Hz), 
8.14 (1H, s), 8.19 (2H, d, J 7.6 Hz), 8.57 (1H, s), 12.49 (1H, br s). 

15 C) 3 - 5 - Di "V^o-3-oxo.2-phenvl-2ff- P vr a zolof4 ^] r Y , idin(i . 7 . carhnvy Up ^ 

A mixture of 3 ( 5-dihydro-3-oxo-2-phenyl-2H-pyrazolo[4,3- C ]pyridine- 
7-carboxylic acid ethyl ester (0.9522 g, 3.36 mmol) in IN aqueous NaOH 
(16 ml, 16.0 mmol) was stirred at room temperature for 3.25 h. The 
mixture was filtered, and the filtrate was neutralised to pH 5 by the 

20 addition of 5N aqueous HC1 (3 ml). The resulting sohd was collected by 
filtration, washed with water, then hexane, and dried under vacuum at 
70°C to leave 0.6498 g (76%) of the title compound as an orange solid; mp 
287-302°C; >H NMR (360 MHz, DMSO-d c ) 5 7.18 (1H, t, J 7.4 Hz), 7.44 
(2H, t, J 7.5 Hz), 8.12 (1H, s), 8.17 (2H, d, J 7.6 Hz), 8.56 (1H, s), 12.66- 

25 (1H, br s); MS (ES+) m/z 256 [MH]+. Anal, found: C, 59.81; H, 3.49; N, 
16.27. C13H9N3O3.O.3H2O requires: C, 59.91; H, 3.71; N, 16.12%. 

d) 3,5-Dihydr()-3,-oyo-2-phe nyl.2// . pvrazol 0 f4.3.r1nvnHmo.7.c a rbo y vl,r a . 1 H 
propylamine 

30 To a solution of 3,5-dihydro-3-oxo-2-phenyl-2//-pyrazolo[4,3- 

c]pyridine-7-carboxylic acid (50 mg, 0.196 mmol) in anhydrous N,N- 
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15 



dimethylacetamide (2 ml) was added propylamine (17.8 ml, 0.216 mmol), 
bis(2-oxo-3-oxazolidinyl)phosphinic chloride (55 mg, 0.216 mmol), then, 
dropwise, anhydrous triethylamine (60 ml, 0.430 mmol). The mixture was 
stirred under nitrogen at room temperature for 2 h. Water (5 ml) was 
then added and the mixture was stirred before collecting the solid by 
filtration. The solid was washed with water, then hexane, and dried under 
vacuum at 70°C. The solid was then purified by recrystallisation (CH 2 C1 2 - 
MeOH-EtOAc) to afford 39.1 mg (67%) of the title compound as an orange 
solid; »H NMR (360 MHz, DMSO-ck) 5 0.99 (3H, t, J 7.3 Hz), 1.62 (2H, 
sextet, J 7.2 Hz), 3.41 (2H, q, J 6.8 Hz), 7.21 (1H, t, J 7.4 Hz), 7.47 (2H, t, 
J 7.5 Hz), 8.16 (1H, s), 8.18 (2H, d, J 7.6 Hz), 8.68 (1H, s), 8.70 (1H, t), 
12.69 (1H, br s); MS (ES + ) rn/z 297 [MH) + . 

EXAMPLE 8 



3 1 5-Dihvdro-3-oxo-2-Dhenvl- 2/j r -Dvrazolof4.3-clovridine-7-carboxvlic add 
thiazol-2-vlamide 

Following a similar procedure to that described in Example 7, Step 
d, except using 2-aminothiazole instead of propylamine, and purifying the 

20 solid by recrystallisation (CH 2 Cl 2 -MeOH), then by flash chromatography 
(silica gel, 5% MeOH/CH 2 Cl 2 ) the title compound was prepared in 36% 
yield; *H NMR (360 MHz, DMSO-de) 5 7.26 (1H, t), 7.39 (1H, d, J 3.5 Hz), 
7.53 (2H, t, J 7.6 Hz), 7.62 (1H, d, J 3.5 Hz), 8.19 (2H, d, J 7.7 Hz), 8.40 
(1H, s), 8.78 (1H, s), 12.07 (lH,s), 13.02 (1H, br s); MS (ES + ) m/z 338 

25 [MH]\ 272, 186. 

EXAMPLE 9 

2-(4-Chlorophenvl)-2.5-dih vdro-6-methvl-7-phenvlpvrazolo[4.3-c1pvridin-3- 
30 one hydrochloride 
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a) Diethyl aminomethvlenemalonate 

To diethyl ethoxymethylenemalonate (50.13 g, 0.232 mmol), cooled 
to -20°C under nitrogen, was added a 2.0 M solution of ammonia in 
ethanol (232 ml, 0.464 mmol) and the resulting solution was stirred at 
5 room temperature overnight. The solution was then evaporated in vacuo 
to give a quantitative yield of the title compound as a cream solid; J H 
NMR (360 MHz, CDC1 3 ) 5 1.28 (3H, t, J 7.1 Hz), 1.35 (3H, t, J 7.1 Hz), 4.19 
(2H, q, J 7.1 Hz), 4.26 (2H, q, J 7.1 Hz), 5,68 (1H, br s), 8.11 (1H, dd), 8.69 
(1H, hr s). 

10 

b) Ethyl l^-dihvdro^^methvl^-oxo^-phenvI-S-pvridinecarboxvlate 

A mixture of diethyl aminomethylenemalonate (5.00 g, 26.7 mmol), 
phenylacetone (3.51 ml, 26.7 mmol) and phosphorus pentoxide (6.67 g, 
47.0 mmol) in anhydrous THF (40 ml) was stirred at room temperature 

15 under nitrogen for 2 days, during which time more phosphorus pentoxide 
(6.67 g, 47.0 mmol) was added. The solution was decanted from the paste, 
and the residue was washed with THF (18 x 30 ml). The combined 
washings were evaporated in vacuo and the residue was extracted with 
ethyl acetate (6 x 50 ml). The combined extracts were washed with 

20 saturated aqueous K2CO3 (75 ml), then saturated aqueous NaCl (75 ml), 
dried (MgS0 4 ) and evaporated in vacuo. The residue was purified by flash 
chromatography (silica gel, 20% EtOAc/hexane) to give 3.47 g of a mixture 
of enamines and phenylacetone. 

This was added dropwise over 5 min to Dowtherm® A (35 ml), at 

25 reflux, and the resulting solution was heated at reflux for a further 5 min. 
After allowing to cool, the residue was purified by flash chromatography 
(silica gel, 0-2% MeOH/CH 2 Cl 2 ) to afford 1.90 g (28%) of the title 
compound as a pale brown solid; *H NMR (360 MHz, DMSO-ds) 5 1.25 
(3H, t, J 7.1 Hz), 2.06 (3H, s), 4.18 (2H, q, J 7.1 Hz), 7.16 (2H, d, J 6.9 Hz), 

30 7.30 (1H, t, J 7.3 Hz), 7.38 (2H, t, J 7.5 Hz), 8.15 (1H, br s), 11.74 (1H, br 
s); MS (ES+) m/z 258 [MH]+. 
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c) Ethyl 4-chloro-2-methvl-3-phenyl-5-pyridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl l,4-dihydro-2-methyl-4-oxo-3-phenyl-5- 
5 pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 

pyridinecarboxylate, the title compound was prepared in 89% yield as a 
brown oil; >H NMR (250 MHz, CDC1 3 ) 5 1.42 (3H, t, J 7.1 Hz), 2.26 (3H, s), 
4.44 (2H, q, J 7.1 Hz), 7.19 (2H, dd, J 7.9, J'1.5 Hz), 7.41-7.54 (3H, m), 
8.86 (1H, s); MS (ES + ) m/z 276/278 [MH] + . 

10 

d) 2-(4-Chlorophenvl)-2,5-dihvdro-6-methvI>7-phenvlpyrazolor4 < 3- 
c]pyridin-3-one hydrochloride 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-2-methyl-3-phenyl-5-pyridinecarboxylate 

15 instead of ethyl 4-chloro-3-propyl-5-pyridinecarboxylate, the title 

compound was prepared in 44% yield as a yellow solid; mp 346-348°C 
(CH 2 Cl2-MeOH-HCl-Et20-EtOAc-hexane); J H NMR (360 MHz, DMSO-dc) 
5 2.25 (3H, s), 7.21 (1H, t, J 7.3 Hz), 7.41-7.45 (3H, m), 7.50-7.51 (4H, m), 
8.12 (2H, d, J 9.0 Hz), 8.57 (1H, s), 12.54 (1H, br s); MS (ES + ) m/z 336 

20 [MH] + . Anal, found: C, 62.73; H, 4.10; N, 11.48. Ci9H) 4 ClN 3 O.0.8HCl 
requires: C, 62.53; H, 4.09; N, 11.51%. 

EXAMPLE 10 

25 2,5-Dihvdro-2-(4-methoxyphenvl)>6-methvl>7-phenylpvrazolor4.3> 
clpyridin-3-one 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-2-methyl-3-phenyl-5-pyridinecarboxylate an^i 
4-methoxyphenylhydrazine hydrochloride instead of ethyl 4-chloro-3- 
30 propyl-5-pyridinecarboxylate and 4-chlorophenylhydrazine hydrochloride, 
the title compound was prepared, after further purification by flash 
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chromatography (silica gel, 5% MeOH/CH 2 Cl 2 ) and recrystallisation 
(CH 2 Cl 2 -MeOH-EtOAc), in 4% yield as a yellow solid; mp 300-3 10°C; ] H 
NMR (360 MHz, DMSO-d*) 5 2.25 (3H, s), 3.74 (3H, s), 6.93 (2H, d, J 9.2 
Hz), 7.43 (1H, m), 7.47-7.51 (4H, m), 7.95 (2H, d, J 9.1 Hz), 8.50 (1H, s), 
5 12.34 (1H, br s); MS (ES + ) m/z 332 [MH] + . Anal, found: C, 72.15; H, 4.84; 
N, 12.66. C20H17CIN3O2 requires: C, 72.49; H, 5.17; N, 12.68%. 

EXAMPLE 11 

10 2,5-Dihvdro-6-methvI>2,7-diDhenvlDvrazolor4.3>c1pvridin-3-one 
hydrochloride 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-2-methyl-3-phenyl-5-pyridinecarboxylate and 
phenylhydrazine instead of ethyl 4-chloro-3-propyl-5-pyridinecarboxylate 

15 and 4-chlorophenylhydrazine hydrochloride, the title compound was 
prepared in 68% yield as a yellow solid; mp 237-243°C (CH 2 Cl 2 -MeOH- 
HCl-Et 2 0-EtOAc); ] H.NMR (360 MHz, DMSO-d<?) 5 2.28 (3H, s), 7.14 (1H, 
t, J 7 A Hz), 7.38 (2H, t, J 7.5 Hz), 7.44 (1H, m), 7.49-7.53 (4H, m), 8.04 
(2H, d, J 7.8 Hz), 8.59 (1H, s), 12.70 (1H, br s); MS (ES + ) m/z 302 [MH] + . 

20 Anal, found: C, 67.41; H, 4.48; N, 12.32. C19H15N3O.HCI requires: C, 67.56; 
H, 4.77; N, 12.44%. 

EXAMPLE 12 

25 2,5-Dihvdro>6-methvl- 2-(4-methvbhenvn-7-phenvlpvrazolor4.3-c1pvridin- . 
3-one hydrochloride 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-2-n»ethyl-3-phenyl-5-pyridinecarboxylate and 
p-tolylhydrazine hydrochloride instead of ethyl 4-chloro-3-propyl-5- 
30 pyridinecarboxylate and 4-chlorophenylhydrazine hydrochloride, the title 
compound was prepared in 28% yield as a pale yellow solid; mp 315-321°C 
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(CH 2 Cl 2 -HCl-Et20-EtOAc); J H NMR (360 MHz, DMSO-dc) 5 2.27 (3H, s), 
2.28 (3H, s), 7.18 (2H, d, J8.6 Hz), 7.44 (1H, m), 7.51-7.52 (4H, m), 7.91 
(2H, d, J 8.5 Hz), 8.57 (1H, s), 12.64 (1H, br s); MS (ES + ) m/z 316 [MH]+. 
Anal, found: C, 66.93; H, 4.95; N, 11.67. C20H17N3O.HCI.O.ICH2CI2 
5 requires: C, 67.00; H, 5.09; N, 11.66%. 

EXAMPLE 13 

2- (4-FluoroDhenvl)-2,5-dihvdro>6-methvl-7-phenvlpvrazolor4,3-c1pvridin>3- 
10 one 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-2-methyl-3-phenyl-5-pyridinecarboxylate and 

4- fluorophenylhydrazine hydrochloride instead of ethyl 4-chloro-3-propyl- 

5- pyridinecarboxylate and 4-chlorophenylhydrazine hydrochloride, the 
15 title compound was prepared, after further purification by flash 

chromatography (silica gel, 5% MeOH/CH 2 Cl 2 ), in 19% yield as a yellow 
solid; mp 303-3 17°C (CH 2 Cl 2 -MeOH-EtOAc); *H NMR (360 MHz, DMSO- 
dc) 5 2.25 (3H, s), 7.20 (2H, t, J 9.0 Hz), 7.42 (1H, m), 7.50-7.51 (4H, m), 
8.09 (2H, dd, J 9.2, J'5.2 Hz), 8.55 (1H, d), 12.43 (1H, br s); MS (ES + ) m/z 
20 320 [MH]+. Anal, found: C, 69.91; H, 4.15; N, 13.25. Ci9Hi 4 FN 3 O.0.3H 2 O 
requires: C, 70.27; H, 4.53; N, 12.94%. 

EXAMPLE 14 

25 6-Ethvl-2. 5-dihvdro-2-(4-methoxyphenvI)-7-phenvlpvrazolor4.3-c1pvridin- 

3- one 

a ) Ethyl 2-et hvl-1.4-dihvdro-4-oxo-3-phenvl-5-pyridinecarboxvlate and 
ethyl 2-benzvl-1.4-dihvdro-3-methvl-4-oxo-5-pyridinecarboxvlate 
30 Following a similar procedure to that described in Example 9, Step 

b, except using l-phenyl-2-butanone instead of phenylacetone, the title 
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compounds were prepared as a 88:12 mixture in 25% yield; MS (ES + ) m/z 
272 [MH] + , 226 [M-OEt]+. 

b) Ethyl 4-chloro-2-ethvl-3-phenyI-5-pyridinecarboxylate and ethyl 2- 
5 benzvl-4-chloro-3-methvl-5-pyridinecarboxylate 

Following a similar procedure to that described in Example 2, Step 
a, except using the product mixture from Example 14, Step a, instead of 
ethyl l,4-dihydro-4-oxo-3-propyl-5-pyridinecarboxylate, the title 
compounds were prepared in 99% yield as a 88:12 mixture. The title 
10 compounds were separated by flash chromatography (alumina, 20% 
Et20/hexane). 

Ethyl 4-chloro-2-ethvI-3-phenvl-5-pyridinecarboxvlate : ] H NMR (360 MHz, 
CDCls) 5 1.14 (3H, t, J 7.5 Hz), 1.41 (3H, t, J 7.1 Hz), 2.59 (2H, t, J 7.5 
Hz), 4.43 (2H, q, J 7.1 Hz), 7.19 (2H, dd, J 8.0, J' 1.7 Hz), 7.42-7.51 (3H, 
15 m), 8.90 (1H, s); MS (ES + ) m/z 290/292 [MH] + . 

Ethyl 2-benzyl-4-chloro-3-methvl-5-pvridinecarboxvlate : *H NMR (360 
MHz, CDC1 3 ) 5 1.41 (3H, t, J 7.1 Hz), 2.36 (3H, s), 4.28 (2H, s), 4.42 (2H, q, 
J 7.1 Hz), 7.15 (2H, d, J 7.2 Hz), 7.20 (1H, t, J 7.2 Hz), 7.27 (2H, t, J 7.6 
Hz), 8.78 (1H, s); MS (ES + ) m/z 290/292 [MH]+. 

20 

c) 6~Ethvl>2 < 5-dihvdro-2-(4>methoxvphenyl)-7-phenvlpyrazolor4.3- 
clpvridin-3-one 

Following a similar procedure to that described in Example 3, 
except using ethyl 4-chloro-2-ethyl-3-phenyl-5-pyridinecarboxylate instead 
25 of ethyl 4-chloro-3-propyl-5-pyridinecarboxylate, the title compound was 
prepared in 5% yield as a yellow solid; mp 233-245°C; *H NMR (500 MHz, 
DMSO-d*) 5 1.14 (3H, t, J 7.5 Hz), 2.54 (2H, q, J 7.5 Hz), 3.74 (3H, s), 6.93 
(2H, d, J 9.1 Hz), 7.42-7.46 (3H, m), 7.51 (2H, t, J 7.4 Hz), 7.93 (2H, d, J 
9.1 Hz), 8.52 (1H. s); MS (ES+) m/z 346 [MH] + . 
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EXAMPLE 15 

6-Ethvl-2,5-dihvdro-2,7-diphenvlpvrazolo[4,3-c1pvridin-3-one 
hydrochloride 

5 Following a similar procedure to that described in Example 4, 

except using ethyl 4-chloro-2-ethyl-3-phenyl-5-pyridinecarboxylate and 
phenylhydrazine instead of ethyl 4-chloro-3-propyl-5-pyridinecarboxylate 
and 4-chlorophenylhydrazine hydrochloride, the title compound was 
prepared in 35% yield as a yellow solid; mp 239-247°C; l H NMR (500 
10 MHz, DMSO-cfc) 5 1.14 (3H, t, J 7.5 Hz), 2.54 (2H, q, J 7.5 Hz), 7.12 (1H, t, 
J 7.4 Hz), 7.39 (2H, t, J 7.6 Hz), 7.42-7.54 (5H, m), 8.02 (2H, d, J 7.7 Hz), 
8.58 (1H, s), 12.59 (1H, br s); MS (ES + ) m/z 316 [MH] + ; Anal, found: C, 
68.03; H, 5.22; N, 11.79. C20H17N3O.HCI requires: C, 68.28; H, 5.16; N, 
11.94%. 

15 

EXAMPLE 16 

2 < 5-Dihvdro>2,7-bis(4-methoxvT)henvl)-6-methvbvrazolo[4 < 3-clpvridin>3- 
one 

20 

a) Ethyl l < 4-dihvdro-3-(4-methoxvt)henvl)-2'methvl-4-oxo-5- 
pyridinecarboxvlate 

Following a similar procedure to that described in Example 9, Step 
b, except using 4-methoxyphenylacetone instead of phenylacetone, the 
25 title compound was prepared in 6% yield as a pale brown solid; *H NMR 
(360 MHz, CDCI3) 5 1.44 (3H, t, J 7.1 Hz), 2.37 (3H, s), 3.86 (3H, s), 4.46 
(2H, q, J 7.1 Hz), 7.01 (2H, d, J 8.7 Hz), 7.19 (2H, t, J 8.7 Hz), 8.86 (1H, s), 
11.34 (1H, br s); MS (ES + ) m/z 288 [MH] + , 26Q, f 242 [M-OEt] + . 
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b) Ethyl 4>chloro>3-(4>methoxyphenvI)-2-methvI-5-pvridinecarboxvlatft 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl l,4-dihydro-3-(4-methoxyphenyl)-2-methyl-4-oxo-5- 
pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 
5 pyridinecarboxylate, the title compound was prepared in 94% yield as an 
almost colourless oil; *H NMR (360 MHz, CDCI3) 5 1.41 (3H, t, J 7.1 Hz), 
2.36 (3H, s), 3.87 (3H, s), 4.43 (2H, q, J7.1 Hz), 7.01 (2H, d, J8.7Hz), 7.11 
(2H, d, J 8.8 Hz), 8.82 (1H, s); MS (ES + ) m/z 308/306 [MH] + t 278/280. 

1° c ) 2,5-Dihydro-2.7-bis(4- methoxvphenvl)-6-methvlpyrazolor4.3-c1p vridin-3- 
one 

A mixture of ethyl 4-chloro-3-(4-methoxyphenyl)-2-methyl-5- 
pyridinecarboxylate (0.1842 g, 0.602 mmol) and 4- 
methoxyphenylhydrazine hydrochloride (0.1000 g, 0.724 mmol) in 

15 anhydrous 1-butanol (7ml) was degassed by evaporating the flask under 
vacuum and refilling with nitrogen several times. The mixture was then 
stirred at reflux under nitrogen for 32 h, during which time more 
4-methoxyphenylhydrazine hydrochloride (0.1001 g, 0.724 mmol) was 
added. The solvent was removed in vacuo and the residue was purified by 

20 flash chromatography (silica gel, 3-7% MeOH/CH 2 Cl 2 ) to give 45.5 mg 
(21%) of the title compound as a yellow solid; mp 274-282°C (CH2CI2- 
MeOH-EtOAc); m NMR (360 MHz, DMSO-d*) 5 2.40 (3H, s), 3.88 (3H, s), 
3.96 (3H, s), 7.08 (2H, d, J 9.2 Hz), 7.19 (2H, d, J 8.7 Hz), 7.59 (2H, d, J 
8.7 Hz), 8.11 (2H, d, J 9.1 Hz), 8.61 (1H, s), 12.43 (1H, br s); MS (ES+) m/z 

25 362 [MH] + . Anal, found: C, 69.95; H, 5.02; N, 11.60. C21H19N3O3 requires: 
C, 69.79; H, 5.30; N, 11.63%. 
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EXAMPLE 17 

2-(4-ChlQrophenvl)'2 < 5-dihvdro-7-(4'methoxvphenv})-6-methvl- 
pyrazolof4.3-clpyridin-3-one hydrochloride 
5 Following a similar procedure to that described in Example 4, 

except using ethyl 4-chloro-3-(4-methox> r phenyl)-2-methyl-5- 
pyridinecarboxylate instead of ethyl 4-chloro-3-propyl-5- 
pyridinecarboxylate, the title compound was prepared in 75% yield as a 
yellow solid; mp 271-281°C (CH 2 Cl2-MeOH-HCl-Et20-EtOAc); W NMR 
10 (360 MHz, DMSO-ck) 5 2.27 (3H, s), 3.83 (3H, s), 7.06 (2H, d, J 8.7 Hz), 
7.42 (2H, d, J 9.2 Hz), 7.45 (2H, d, J 8.9 Hz), 8.13 (2H, d, J 9.0 Hz), 8.54 
(1H, s), 12.50 (1H, br s); MS (ES + ) m/z 366/368 [MH] + . Anal, found: C, 
60^75; H, 4.19; N, 10.84. C 2 oHigN 3 0 2 .0.8HC1 requires: C, 60.82; H, 4.29; N, 
10.64%. 

15 

EXAMPLE 18 

2,7-Bis(4-chlorophenvl)-2,5>dihvdro-6-methvlpyrazolo[4 1 3-c1r)vridin'3'One 
hydrochloride 

20 

a) Ethyl 3-(4-chlorophenvl)-l,4-dihvdro-2-methvl-4-oxo-5- 
pyridinecarboxvlate 

A mixture of diethyl aminomethylenemalonate (5.066 g, 27.1 
mmol), 4-chlorophenylacetone (4.563 g, 27.1 mmol) and phosphorus 

25 pentoxide (6.77 g, 47.7 mmol) in anhydrous THF (40 ml) was stirred at 
room temperature under nitrogen for 7 days. The solution was decanted 
from the paste, and the residue was washed with THF (8 x 50 ml), then 
dichloromethane (24 x 50 ml). The combined washings were evaporated in 
vacuo and the residue was extracted with ethyl acetate (5 x 50 ml). The 

30 combined extracts were washed with saturated aqueous K2CO3 (75 ml), 
then saturated aqueous NaCl (75 ml), dried (MgS0 4 ) and evaporated in 
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vacuo. The residue was purified by flash chromatography (alumina, 50% 
CH2Cl2/hexane) to give 2.15 g of a mixture of enamines and 4- 
chlorophenylacetone. 

This was added dropwise over 5 min to Dowtherm® A (22 ml), at 
5 reflux, and the resulting solution was heated at reflux for a further 3 min. 
After allowing to cool overnight, the resulting precipitate was collected by 
filtration, washed with diethyl ether, and dried at 60°C under vacuum to 
afford 0.988 g (13%) of the title compound; *H NMR (360 MHz, DMSO-dc) 
5 1.24 (3H, t, J 7.1 Hz), 2.07 (3H, s), 4.18 (2H, q, J 7.1 Hz), 7.20 (2H, d, J 
10 8.4 Hz), 7.43 (2H, t, J 8.4 Hz), 8.15 (1H, s), 11.79 (1H, br s); MS (ES+) m/z 
292/294 [MH] + . 

b) Ethyl 4-chloro-3-(4-chlorophenvl)-2>methvl-5-nvridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
15 a, except using ethyl 3-(4-chlorophenyl)-l,4-dihydro-2-methyl-4-oxo-5- 
pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 
pyridinecarboxylate, the title compound was prepared in 90% yield as a 
buff solid; iH NMR (360 MHz, CDC1 3 ) 6 1.41 (3H, t, J 7.1 Hz), 2.35 (3H, s), 
4.43 (2H, q, J 7.1 Hz), 7.13 (2H, d, J 8.4 Hz), 7.47 (2H, d, J 8.3 Hz), 8.86 
20 (1H, s); MS (ES + ) m/z 310/312/314 [MHJ+. 

c) 2 < 7-Bisf4> chlorophenvl)>2.5-dihvdro-6-methvlpyrazolof4.3>c1pvridin-3- 
one hydrochloride 

Following a similar procedure to that described in Example 4, 
25 except using ethyl 4-chloro-3-(4-chlorophenyl)-2-methyl-5- 
pyridinecarboxylate instead of ethyl 4-chloro-3-propyl-5- 
pyridinecarboxylate, the title compound was prepared in 70% yield as a 
yellow solid; .mp 333-337°C (MeOH-HCl-Et 2 0); >H NMR (360 MHz, 
DMSO-d*) 5 2.26 (3H, s), 7.42 (2H, d, J 8!9 Hz), 7.56 (4H, s), 8.12 (2H, d, J 
30 9.0 Hz), 8.57 (1H, s), 12.55 (1H, br s); MS (ES+) m/z 370/372/374 [MH]+. 
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Anal, found: C, 57.56; H, 3.89; N, 10.19. C19H13CI2N3O.O.6HCI.O.44CH4O 
requires: C, 57.48; H, 3.81; N, 10.34%. 

EXAMPLE 19 

5 

2-(4-ChloroDhenvl)'2,5-dihvdro-7-(3-methoxyphenvl)-6-methvl- 
pvrazolof4.3-c1pvridin-3-one hydrochloride 

a) Ethyl l,4-dihvdro-3-(3-methoxyphenvl)-2-methvl-4-oxo-5^ 

10 pyridinecarboxvlate 

A mixture of diethyl aminomethylenemalonate (5.764 g, 30.8 
mmol), 3-methoxyphenylacetone (5.000 g, 30.5 mmol) and phosphorus 
pentoxide (7.604 g, 53.6 mmol) in anhydrous dichloromethane (45 ml) was 
stirred at room temperature under nitrogen overnight. The solution was 

15 decanted from the solid, and the residue was scraped from the flask and 
washed with dichloromethane (5 x 35 ml). The combined washings were 
evaporated in vacuo, and the residue was taken up in ethyl acetate (100 
ml), washed with saturated aqueous K2CO3 (40 ml), then saturated 
aqueous NaCl (40 ml), dried (MgS0 4 ) and evaporated in vacuo. The 

20 residue was purified by flash chromatography (alumina, 40% 
CH2Cl2/hexane) to give 0.873 g of a mixture of enamines. 

This was added dropwise over 8 min to Dowtherm® A (20 ml), at 
reflux, and the resulting solution was heated at reflux for a further 4 min. 
After allowing to cool, the residue was purified by flash chromatography 

25 (silica gel, 0-2% MeOH/CH 2 Cl 2 ) to afford 0.656 g (8%) of the title 

compound; 'H NMR (250 MHz, CDCI3) 5 1.45 (3H, t, J 7.1 Hz), 2.37 (3H, 
s), 3.84 (3H, s), 4.46 (2H, q, J 7.1 Hz), 6.79-6.86 (2H, m), 6.95 (1H, m), 7.39 
(1H, t, J 7.9 Hz), 8.88 (1H, s); MS (ES + ) rn/z 288 [MH] + , 242 [M-OEt] + . 
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b) Ethyl 4. C hloro.3-f3.methoxvphpnvn.9 . m ethvI.5-nvriWi nec a rboxvl a to 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl l,4-dihydro-3-(3-methoxyphenyl)-2-methyl-4-pxo-5- 
pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 
5 pyridinecarboxylate, the title compound was prepared in 27% yield as an 
almost colourless oil; *H NMR (250 MHz, CDCI3) 5 1.42 (3H, t, J 7.1 Hz), 
2.37 (3H, s), 3.84 (3H, s), 4.43 (2H, q, J 7.1 Hz), 6.71-6.79 (2H, m), 6.98 
(1H, m), 7.41 (1H, t, J 8.0 Hz), 8.85 (1H, s); MS (ES+) m/z 306/308 [MH]+. 

10 c ) 2-(4-Chlorophenyl )-2,5 - dihyd ro.7-r3-niethnv y P henvlVfi-mpfh v l. 
PVrazolof4,3-r1p V ridin-3-onR hydrochloric 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-3-(3-methoxyphenyl)-2-methyl-5- 
pyridinecarboxylate instead of ethyl 4-chloro-3-propyl-5- 

15 pyridinecarboxylate, the title compound was prepared in 47% yield as a 
yellow solid; mp 244-246°C (CH 2 Cl 2 -Me0H-HCl-Et 2 O-EtOAc); >H NMR 
(360 MHz, DMSO-d.) 8 2.26 (3H, s), 3.80 (3H, s), 7.00 (1H, m), 7.06 (1H, 
m), 7.07 (1H, s), 7.42 (1H, m), 7.43 (2H, d,' J 8.9 Hz), 8.12 (2H, d, J 9.1 Hz), 
8.56 (1H, s), 12.52 (1H, br s); MS (ES+) m/z 366/368 [MHJ+. Anal, found: 

20 C, 60.18; H, 4.01; N, 10.29. C 2 oHigC1N 3 02.0.9HC1 requires: C, 60.26; H, 
4.27; N, 10.54%. 



EXAMPLE 20 

2.(4-ChlorophRnyl)-2, 5-dih v dro -7-(2-met.hnvy P henvlV6-mPfh Y ]. 
Pvrazolor4. 3-c1pvridin-3-nn P 

a) Ethyl l,4-dih ydro-3-(2-methoxvnhpnY l).2-mef.hvl-4.nvn..^. 
pyridinecarboxvlatp. 

Following a similar procedure to that described in Example 9, Step 
b, except using 2-methoxyphenylacetone instead of phenylacetone, the 
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title compound was prepared in 11% yield as a white solid; ! H NMR (250 
MHz, CDC1 3 ) 5 1.44 (3H, t, J 7.1 Hz), 2.37 (3H, s), 3.77 (3H, s), 4.45 (2H, q, 
J 7.1 Hz), 7.02 (1H, d, J 8.2 Hz), 7.07 (1H, td, J 7.3, J'0.8 Hz), 7.14 (1H, 
dd, J 7.5, J'2.0 Hz), 7.41 (1H, m), 8.88 (1H, s), 11.28 (1H, br s); MS (ES + ) 
5 m/z 288 [MH] + , 242 [M-OEt] + . 

b) Ethyl 4-chloro-3-(2-methoxyphenvl)-2-methvl-5-pvridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl l,4-dihydro-3-(2-methoxyphenyl)-2-methyl-4-oxo-5- 
10 pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 

pyridinecarboxylate, the title compound was prepared in 92% yield as a 
pale brown solid; W NMR (360 MHz, CDCI3) 5 1.42 (3H, t, J 7.1 Hz), 2.34 
(3H, s), 3.75 (3H, s), 4.43 (2H, q, J 7.1 Hz), 7.02 (1H, d, J 8.3 Hz), 7.06-7.10 
(2H, m), 7.44 (1H, m), 8.87 (1H, s); MS (ES + ) m/z 306/308 [MH] + . 

15 

c) 2>(4-Chlorophenvl)-2,5-dihvdro-7-(2-methoxyphenvl)-6-methvl- 
pyrazolof4.3-clpvridin-3-one 

A mixture of ethyl 4-chloro-3-(2-methoxyphenyl)-2-methyl 5- 
pyridinecarboxylate (0.101 g, 0.330 mmol) and 4-chlorophenylhydrazine 

20 hydrochloride (71.3 mg, 0.398 mmol) in anhydrous 1-butanol (4 ml) was 
degassed by evaporating the flask under vacuum and refilling with 
nitrogen several times and then stirred at reflux under nitrogen for 3 h. 
After leaving to cool overnight, the solvent was removed in vacuo, and the 
residue was purified by flash chromatography (silica gel, 3-5% 

25 MeOH/CH 2 Cl 2 ) to afford 94.7 mg (78%) of the title compound as a yellow 
solid; mp 267-278°C (CH 2 Cl 2 -EtOAc); m NMR (360 MHz, DMSO-d<?) 5 2.08 
(3H, s), 3.75 (3H, s), 7.07 (1H, t, J 7.5 Hz), 7.17 (1H, d, J 8.2 Hz), 7.31 (1H, 
dd, J 7.5, J' 1.7 Hz), 7.40 (2H, d, J 9.1 Hz), 7.43 (1H, m), 8.09 (2H, d, J 8.9 
Hz), 8.54 (1H, d), 12.42 (1H, br d); MS (ES + ) m/z 366/368 [MH] + . Anal. 

30 found: C, 65.74; H, 4.41; N, 11.31. C 2 oHigC1N 3 0 2 requires: C, 65.67; H, 
4.41; N, 11.49%. 
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EXAMPLE 21 

2-(4-ChlQrophenvl)-2,5-dihvdro-6-methvI-7-(thiophen-2-vl)pvrazoIor4.3- 
5 c lpvridin-3-one hydrochloride 

a) Ethyl 1.4-dihvdro-2-methvl-4>oxo-3-(thiophen-2>vD>5> 
pyridinecarboxvlate 

Following a similar procedure to that described in Example 19, Step 
10 a, except using 2-thiophenylacetone instead of 3-methoxyphenylacetone, 
the title compound was prepared in 13% yield as a pale brown solid; X H 
NMR (250 MHz, CDC1 3 ) 8 1.45 (3H, t, J 7.1 Hz), 2.48 (3H, s), 4.47 (2H, q, J 
7.1 Hz), 7.03 (1H, dd, J 3.5, J' 1.2 Hz), 7.16 (1H, dd, J 5.2, J' 3.6 Hz), 7.49 
(1H, dd, J 5.2, J' 1.2 Hz), 8.87 (1H, s), 11.56 (1H, br s); MS (ES + ) m/z 264 
15 [MH]+, 236, 218 [M-OEt] + . 

b) Ethyl 4-chloro-2-methvl'3-(thiophen'2-vl)-5-pyridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl l,4-dihydro-2-methyl-4-oxo-3-(thiophen-2-yl)-5- 

20 pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 

pyridinecarboxylate, the title compound was prepared in 87% yield as a 
brown oil; *H NMR (250 MHz, CDCI3) 5 1.42 (3H, t, J 7.1 Hz), 2.46 (3H, s), 
4.43 (2H, q, J 7.1 Hz), 6.96 (1H, dd, J 3.5, J' 1.2 Hz), 7.17 (1H, dd, J 5.1, J' 
3.5 Hz), 7.51 (1H, dd, J 5.1, J'1.2 Hz), 8.87 (1H, s); MS (ES + ) m/z 282/284 

25 [MH] + . 

c) 2-(4-ChlorophenvI)-2.5>dihvdro-6-methvl-7>(thiophen-2-vl)pvrazolor4,3- 
c|pyridin-3-one hydrochloride 

Following a similar procedure to that described in Example 4, 
30 except using ethyl 4-chloro-2-methyl-3-(thiophen-2-yl)-5- 
pyridinecarboxylate instead of ethyl 4-chloro-3-propyl-5- 
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10 



pyridinecarboxylate, the title compound was prepared in 57% yield as a 
pale brown solid; mp 310° dec (CH 2 Cl2-MeOH-HCl-Et 2 0-EtOAc); *H NMR 
(360 MHz, DMSO-d*) 5 2.49 (3H, s), 7.24 (1H, dd, J 5.2, J'3.8 Hz), 7.47 
(2H, d, J 9.0 Hz), 7.55 (1H, dd, J 3.8, J' 1.2 Hz), 7.76 (1H, dd, J 5.2, J' 1.2 
Hz), 8.22 (2H, d, J 9.0 Hz), 8.54 (1H, d), 12.58 (1H, br s); MS (ES + ) m/z 
342/344 [MH] + . Anal, found: C, 55.83; H, 3.33; N, 11.29. 
C17H12CIN3O.O.6HCI requires: C, 56.14; H, 3.49; N, 11.55%. 

EXAMPLE 22 

2-(4-ChlorophenvI)-2 t 5-dihvdro-7-(3-iodophenvl)>6-methvlpyrazolo|'4,3- 
c|pyridin-3-one 



a) Ethyl l,4-dihvdro-3-(3-iodophenvl)-2-methvl-4-oxo-5- 
15 pyridinecarboxylate 

Following a similar procedure to that described in Example 19, Step 

a, except using 3-iodophenylacetone (prepared from 3- 

iodophenylacetonitrile as described in J. Med. Chern. 1970, 13, 1040-1042) 

instead of 3-methoxyphen}'lacetone, the title compound was prepared in 
20 29% yield as a pale brown solid; *H NMR (250 MHz, CDCI3) 5 1.45 (3H, t, 

J 7.1 Hz), 2.36 (3H, s), 4.47 (2H, q, J 7.1 Hz), 7.18-7.27 (2H, m), 7.64 (1H, 

t, J 1.4 Hz), 7.75 (1H, dt, J 6.7, J' 1.7 Hz), 8.88 (1H, s), 11.38 (1H, br s); 

MS (ES+) m/z 384 [MH] + , 338 [M-OEt]\ 

25 b) Ethyl 4-chloro>3-(3-iodophenvl)-2-methyl-5-pvridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl l,4-dihydro r 3-(3-iodophenyl)-2-methyl-4-oxo-5- 
pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 
pyridinecarboxylate, the title compound was prepared in 68% yield as an 

30 almost colourless oil; >H NMR (250 MHz, CDCI3) 5 1.42 (3H, t, J 7.1 Hz), 
2.36 (3H, s), 4.43 (2H, q, J 7.1 Hz), 7.17 (1H, dt, J 7.7, J' 1.5 Hz), 7.24 (1H, 
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t, J 7.6 Hz), 7.57 (1H, t, J 1.4 Hz), 7.79 (1H, dt, J 7.6, J'1.5 Hz), 8.87 (1H, 
s); MS (ES + ) m/z 402/404 [MH]+. 

c) 2-(4-Chlorop henvl)-2.5-dihvdro-7-(3-^^ 
5 clpyridin-3-one 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-3-(3-iodophenyl)-2-methyl-5- 
pyridinecarboxylate instead of ethyl 4-chloro-3-propyl-5- 
pyridinecarboxylate, the title compound was prepared, after further 

10 purification by flash chromatography (3-5% MeOH/CH 2 Cl 2 ), in 59% yield 
as a yellow-brown solid; mp 306-312°C (CH 2 Cl 2 -MeOH-EtOAc); J H NMR 
(360 MHz, DMSO-d<r) 5 2.24 (3H, s), 7.32 (1H, t, J 7.8 Hz), 7.43 (2H, d, J 
9.1 Hz), 7.53 (1H, d, J 7.6 Hz), 7.80 (1H, d, J 8.0 Hz), 7.87 (1H, t, J 1.5 
Hz), 8.11 (2H, d, J 9.1 Hz), 8.57 (1H, d), 12.50 (1H, br d); MS (ES+) m/z 

15 462/464 [MH]+; Anal, found: C, 46.51; H, 3.04; N, 8.11. 

Ci9Hi 3 ClIN30.1.8H 2 0 requires: C, 46.19; H, 3.39; N, 8.50%. 

EXAMPLE 23 

20 2-(4-Chloropheny])-2 t 5-dihvdro-6-methvl-7-r3-(pvridin-3-vl)phenvl]- 
pyrazolor4,3-clpvridin-3-one 

A mixture of 2-(4-chlorophenyl)-2,5-dihydro-7-(3-iodophenyl)-6- 
methylpyrazolo[4,3-c]pyridin-3-one (0.1009 g, 0.217 mmol), 3- 
pyridineboronic acid (37.8 mg, 0.306 mmol), sodium carbonate (64.5 mg, 

25 0.609 mmol), and tetrakis(triphenylphosphine)palladium(0) (20.6 mg, 

0.0178 mmol) in ethylene glycol dimethyl ether (2.7 ml) and water (1 ml) 
was degassed by evaporating the flask under vacuum and refilling with 
nitrogen several times. The mixture ,was then stirred at 100°C for 15 h 
under nitrogen. The solvent was removed in vacuo and the residue was 

30 purified by flash chromatography (silica gel, 3-5% MeOH/CH 2 Cl 2 ) to afford 
60.7 mg (68%) of the title compound as a yellow solid; mp 312-318°C 
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(CH 2 Cl 2 -MeOH-EtOAc); >H NMR (360 MHz, DMSO-tfc) 5 2.31 (3H, s), .7.42 
(2H, d, J 9.1 Hz), 7.51 (1H, dd), 7.59 (1H, dt, J 7.7, J' 1.3 Hz), 7.65 (1H, t, 
J 7.7 Hz), 7.80 (1H, d, J 7.8 Hz), 7.86 (1H, t, J 1.5 Hz), 8.13 (3H, m), 8.59 
(2H, m), 8.96 (1H, s), 12.51 (1H, br d, J 6.0 Hz); MS (ES + ) m/z 413/415 
5 [MH] + . Anal, found: C, 68.81; H, 3.99; N, 13.18. C24H17CIN4O.O.3H2O 
requires: C, 68.92; H, 4.24; N, 13.39%. 

EXAMPLE 24 

10 2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-f3-(thiophen-2-vI)phenvn- 
pvrazolof4.3-c]pyridin-3-one 

Following a similar procedure to that described in Example 23, 
except using 2-thiopheneboronic acid instead of 3-pyridineboronic acid, the 
title compound was prepared in 78% yield as an orange solid; mp 266- 

15 272°C (CHzCh-MeOH-EtOAc); >H NMR (360 MHz, DMSO-dc) 8 2.29 (3H, 
s), 7.16 (1H, dd, J 4.9, J'3.6 Hz), 7.40-7.45 (3H, m), 7.53-7.58 (3H, m), 7.72 
(1H, dt, J 7.9, J' 1.3 Hz), 7.81 (1H, t, J 1.6 Hz), 8.13 (2H, d, J 9.0 Hz), 8.59 
(1H, s), 12.49 (1H, s); MS (ES + ) m/z 418/420 [MH] + . Anal, found: C, 65.58; 
H, 3.53; N, 9.64. C23H1GCIN3OS.O.IH2O requires: C, 65.81; H, 3.89; N, 

20 10.01%. 

EXAMPLE 25 

2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-f3-(3-methvl-1.2.4-oxadiazol-5- 
25 vl)phenvllpyrazolof4,3-clpvridin-3-one 

a) 3-r2-(4-ChIorophenvl)-3.5-dihvdro-6-methvl-3-oxo-2//-pvrazolor4,3- 
clpyridin-7-vnbenzoic acid butyl ester 

Into a mixture of 2-(4-chlorophenyl)-2,5-dihydro-7-(3-iodophenyl)-6- 
30 methylpyrazolo[4,3-c]pyridin-3-one (0.50 g, 1.08 mmol), dichlorobis- 
(triphenylphosphine)palladium(II) (22.8 mg, 0.0325 mmol), and 
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tributylamine (0.284 ml, 1.19 mmol) in anhydrous 1-butanol (15 ml) was 
bubbled carbon monoxide gas for 15 min. The mixture was then stirred at 
100°C for 17 h under a balloon of carbon monoxide. The solvent was 
removed in vacuo and the residue was purified by flash chromatography 
5 (silica gel, 3-5% MeOH/CH 2 Cl 2 ) to give 0.4523 g (96%) of the title 

compound as a yellow solid; mp 185-190°C (CH 2 Cl 2 -MeOH-EtOAc); *H 
NMR (360 MHz, DMSO-cf*) 5 0.91 (3H, t, J 7.4 Hz), 1.42 (2H, sextet, J 7.5 
Hz), 1.70 (2H, quintet, J 6.9 Hz), 2.25 (3H, s), 4.30 (2H, t, J 6.5 Hz), 7.41 
(2H, d, J 9.0 Hz), 7.67 (1H, t, J 7.6 Hz), 7.79 (1H, br d, J 1.1 Hz), 8.02 (1H, 
10 br d, J 1.1 Hz), 8.11 (3H, m), 8.60 (1H, s), 12.51 (1H, br s); MS (ES+) m/z 
436/438 [MH] + . Anal, found: C, 63.58; H, 4.99; N, 9.31. 
C 2 4H 22 ClN 3 O3-0.9H 2 O requires: C, 63.76; H, 5.31; N, 9.29%. 

b) 2-(4>Chlorophenvl)-2 < 5-dihvdro-6>methvI-7-r3'(3-methvl-l,2.4-oxadiazol- 

15 5-vl)phenvl]pvrazolof4,3-c|pvridin-3-one 

To a mixture of acetamide oxime (57.8 mg, 0.780 mmol) in 
anhydrous DMF (10 ml) under nitrogen was added sodium hydride (60% 
dispersion in oil, 27.5 mg, 0.688 mmol) and the mixture was stirred at 
room temperature for 30 min. A solution of 3-[2-(4-chlorophenyl)-3,5- 

20 dihydro-6-methyl-3-oxo-2//-pyrazolo[4,3-c]pyridin-7-yl]benzoic acid butyl 
ester (100 mg, 0.229 mmol) in anhydrous DMF (5 ml) was then added 
dropwise and the mixture was stirred at 80°C for 2.5 h under nitrogen. 
The solvent was removed in vacuo and the residue was purified by flash 
chromatography (silica gel, 3-5% MeOH/CH 2 Cl 2 ) to yield 74.6 mg (78%) of 

25 the title compound as an orange solid; mp 318-320°C (CH 2 Cl 2 -MeOH- 
EtOAc); 'H NMR (360 MHz, DMSO-d<j) 5 2.25 (3H, s), 2.43 (3H, s), 7.41 
(2H, d, J 9.1 Hz), 7.76 (1H, t, J 7.6 Hz), 7.85 (1H, dt, J 7.8, J' 1.5 Hz), 
8.10-8.15 (3H, m), 8.22 (1H, t, J 1.5 Hz), 8.61 (1H, s), 12.54 (1H, br s); MS 
(ES + ) m/z 418/420 [MH] + . Anal, found: C, 58.82; H, 4.05; N, 15.20. 

30 C 22 HigC1N 5 0 2 .1.8H 2 0 requires: C, 58.68; H, 4.39; N, 15.55%. 
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EXAMPLE 26 

2-(4-Chlorophenvl)-2,5-dihvdro-6-methvl-7-f3-(pvrrolidin-l- 
vlcarbonvl)phenvl]pvrazolor4,3-c1pyridin-3-one 

5 

a) 3-f2-(4-Chlorophenvl)-3 t 5-dihvdro-6-methvl-3-oxo-2i/-Dvrazolor4.3> 
clpvridin-7-vnbenzoic acid 

A mixture of 3-[2-(4-chlorophenyl)-3 l 5-dihydro-6-methyl-3-oxo-2if- 
pyrazolo[4,3-c]pyridin-7-yl]benzoic acid butyl ester (from Example 25, Step 

10 a) (0.350 g, 0.803 mmol) in 1M aqueous NaOH (3.9 ml) was stirred at 

room temperature overnight. The mixture was then filtered from a little 
dark orange solid, which was washed with water, and the combined 
filtrates were neutralised to pH 5 by the addition of 5M aqueous HC1. The 
resulting yellow solid was collected by filtration, washed with water, then 

15 hexane, and dried at 70°C under vacuum to afford 0.223 g (73%) of the 
title compound; *H NMR (250 MHz, DMSO.-cfc) 5 2.25 (3H, s), 7.43 (2H, d, 
J 9.0 Hz), 7.65 (1H, t, J 7.7 Hz), 7.77 (1H, dt, J 7.8, J'L5 Hz), 8.01 (1H, 
dt. J 7.7, J'1.4 Hz), 8.07 (1H, t, J 1.4 Hz), 8.12 (2H, d, J 9.0 Hz), 8.60 (1H, 
d), 12.57 (1H, d, J 6.3 Hz), 13.09 (1H, br s); MS (ES + ) m/z 380/382 (MH] + . 

20 

b) 2-(4-Chlorophenvl)-2.5-dihvdro-6-methvI-7-r3-(pvrrolidin-l- 

vlcarbonvl)phenvllpyrazolor4 t 3>clpvridin-3-one 

To a solution of 3-[2-(4-chlorophenyl)-3,5-dihydro-6-methyl-3-oxo- 

2 J f/-pyrazolo[4,3-c]pyridin-7-yl]benzoic acid (65 mg, 0.171 mmol) in 
25 anhydrous iV,Ar-dimethylacetamide (2 ml) was added pyrrolidine (15.7 ml, 

0.188 mmol), bis(2-oxo-3-oxazolidinyl)phosphinic chloride (48.0 mg, 0.188 

mmol), then, dropwise, anhydrous triethylamine (52.5 ml, 0.376 mmol). 

The mixture was stirred under nitrogen at room temperature for 18 h. 

The solvent was removed in vacuo and the residue was purified by flash 
30 chromatography (silica gel, 3-5% MeOH/CH 2 Cl 2 ) to give 63.2 mg (85%) of 

the title compound as a yellow solid; rap 253-255°C; *H NMR (360 MHz, 
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DMSO-de) 8 1.85 (4H, m), 2.29 (3H, s), 3.49 (4H, br q, J 6.9 Hz), 7.41 (2H, 
d, J 9.0 Hz), 7.55-7.59 (3H, m), 7.66 (1H, s), 8.12 (2H d, J 9.0 Hz), 8.58 
(1H, s), 12.49 (1H, br s); MS (ES + ) m/z 433/435 [MH] + . Anal, found: C, 
63.85; H, 4.96; N, 12.33. C24H21CIN4O2.H2O requires: C, 63.93; H, 5.14; N, 
5 12.42%. 

EXAMPLE 27 

2-(4-Chlorophenvl)-2.5-dihvdro-6-methvI-7-r3-(4-methylpiperazin-l- 
10 vlcarbonvl)phenvI]pvrazolo[4,3-clpyridin-3-one 

Following a similar procedure to that described in Example 26, 
except using 1-methylpiperazine instead of pyrrolidine, the title compound 
was prepared in 98% yield as a yellow solid; mp 318-322°C; W NMR (360 
MHz, DMSO-dc) 8 2.30 (3H, s), 2.37 (3H, br s), 2.64 (4H, br m), 3.61 (4H, 
15 br m), 7.43 (2H, d, J 8.9 Hz), 7.47 (1H, m), 7,55 (1H, s), 7.58-7.63 (2H, m), 
. 8.11 (2H, d, J 9.0 Hz), 8.54 (1H, s), 12.74 (1H, br s); MS (ES + ) m/z 462/464 
[MH] + . 

EXAMPLE 28 

20 

2- (4-ChloroDhenvl)-2.5-dihvdro-6-methvl-7-r3-(imidazol-l-vl)phenvn- 
pyrazolo[4.3-clpyridin-3-one 

A mixture of 2-(4-chlorophenyl)-2,5-dihydro-7-(3-iodophenyl)-6- 
methylpyrazolo[4,3-c]pyridin-3-one (0.100 g, 0.217 mmol), imidazole (33.9 
25 mg, 0.498 mmol), potassium carbonate (29.9 mg, 0.216 mmol), and copper 
bronze (1 mg) in l-methyl-2-pyrrolidinone (0.6 ml) was heated at 140°C 
under nitrogen for 90 h. Purification by flash chromatography (silica gel, 

3- 10% MeOH/CH 2 Cl 2 ) gave 30.3 mg (35%) of the title compound. This was 
recrystallised from CH 2 Cl 2 -MeOH-EtOAc; *H NMR (400 MHz, DMSO-de) 6 

30 2.29 (3H, s), 7.16 (1H, br s), 7.42 (2H, d), 7.50 (1H, d, J 7.6 Hz), 7.65 (1H, t, 
J 7.8 Hz), 7.73 (1H, d, J 8.1 Hz), 7.80 (1H, s), 7.85 (1H, br s), 8.11 (2H, d), 
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8.36 (1H, br s), 8.61 (1H, s), 12.53 (1H, br d, J 5.6 Hz); MS (ES + ) m/z 
402/404 [MH] + . 

EXAMPLE 29 

5 

2-(4-Chlorophenvl)-2,5-dihvdro-6-methvl-7-r4-(pvridin-3-yI)phenvl1- 
Pvrazolor4.3-c1pyridin-3-one 

a) Ethyl 3-(4-bromophenvlM,4-dihydro-2-methvl-4-oxo-5- 

10 pyridinecarboxvlate 

Following a similar procedure to that described in Example 19, Step 
a, except using 4-bromophenylacetone instead of 3-methoxyphenylacetoiie, 
the title compound was prepared, by collection of the precipitated solid 
after leaving the reaction mixture to cool overnight, followed by washing 

15 with diethyl ether and drying at 60°C under vacuum, in 26% yield as a 
whitish solid; m NMR (250 MHz, DMSO-dc) 5 1.24 (3H, t, J 6.9 Hz), 2.07 
(3H, s), 4.17 (2H, q, J 7.1 Hz), 7.14 (2H, d, J 8.1 Hz), 7.57 (2H, t, J 8.1 Hz), 
8.16 (1H, s), 11.86 (1H, br s); MS (ES + ) m/z 336/338 [MH] + . 

20 b) Ethyl 3-(4-bromophenvl)-4-chIoro-2>methvl-5-pvridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl 3-(4-bromophenyl)-l,4-dihydro-2-methyl-4-oxo-5- 
pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 
pyridinecarboxylate, the title compound was prepared in 88% yield as an 

25 orange oil; l H NMR (360 MHz, CDC1 3 ) 6 1.41 (3H, t, J 7.1 Hz), 2.35 (3H, s), 
4.43 (2H, q, J 7.1 Hz); 7.07 (2H, d, J 8.4 Hz), 7.63 (2H, d, J 8.3 Hz), 8.86 
(1H, s); MS (ES+) m/z 354/356/358 [MH] + . 
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c) 7>(4-Bromophenvl)-2-(4-chlorophenvl)-2,5-dihvdro>6>methvl- 
pyrazolor4,3-c1pvridin-3-one hydrochloride 

Following a similar procedure to that described in Example 4, 
except using ethyl 3-(4-bromophenyl)-4-chloro-2-methyl-5- 
5 pyridinecarboxylate instead of ethyl 4-chloro-3-propyl-5- 

pyridinecarboxylate, the title compound was prepared in 68% yield as a 
yellow solid; mp 328-335°C (MeOH-HCl-Et 2 0); >H NMR (360 MHz, 
DMSO-d*) 5 2.25 (3H, s), 7.42 (2H, d, J 8.8 Hz), 7.49 (2H, d, J 8.4 Hz), 7.70 
(2H, d, J 8.4 Hz), 8.12 (2H, d, J 8.8 Hz), 8.57 (1H, s), 12.56 (1H, br s); MS 
10 (ES+) m/z 414/416/418 [MH] + . Anal, found: C, 51.84; H, 2.98; N, 9.26. 

Ci9Hi3BrClN 3 O.0.7HCL0.2lCH 3 OH requires: C, 51.62; H, 3.28; N, 9.40%. 

d) 2-(4-Chlorophenvi)-2 < 5-dihvdro-6-methvl-7-r4-(pyridin-3>vl)phenvl1- 
pvrazolor4,3-c1pyridin-3-one 

15 Following a similar procedure to that described in Example 23, 

except using 7-(4-bromophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one instead of 2-(4-chlorophenyl)-2,5-dihydro-7-(3- 
iodophenyl)-6-methylpyrazolo[4,3-c]pyridin-3-one, the title compound was 
prepared in 75% yield as a yellow solid; mp 308-309°C (CH 2 Cl 2 -MeOH- 

20 EtOAc); >H NMR (400 MHz, DMSO-d*) 6 2.31 (3H, s), 7.42 (2H, d, J 9.0 
Hz), 7.53 (1H, dd, J 7.9, J' 4.8 Hz), 7.67 (2H, d, J 8.2 Hz), 7.88 (2H, d, J 
8.2 Hz), 8.14 (2H, d, J 9.0 Hz), 8.19 (1H, d, J 7.8 Hz), 8.59 (1H, s), 8.61 
(1H, d, J 4.8 Hz), 9.00 (1H, d, J 1.5 Hz), 12.51 (1H, br d, J 6.6 Hz); MS . 
(ES + ) m/z 413/415 [MH] + .. , 

25 

EXAMPLE 30 



30 



2-(4-Chlorophenvl)'2,5-dihvdrO'6-methvl-7-[4>(morpholin-4-vl)phenvll> 



pyrazolof4,3-cjpyridin-3-one 

A mixture of 7-(4-bromophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one (69.1 mg, 0.167 mmol), morpholine 
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(34.9 ml, 0.400 mmol) and sodium tert-butoxide (61.1 mg, 0.636 mmol) in 
anhydrous DMF (3 ml) was degassed by evaporating the flask under 
vacuum and refilling with nitrogen several times. Solid (S)-(-)-2,2'- 
bis(diphenylphosphino)-l,l r -binaphthyl [(S)-BINAP] (10.5 mg, 0.0169 
5 mmol) and tris(dibenzylideneacetone)dipalladium(0) (7.6 mg, 0.0083 

mmol) were added and the mixture was stirred at 80°C under nitrogen for 
47 h, adding more (S)-BINAP (10.7 mg, 0.172 mmol) and 
tris(dibenzylideneacetone)dipalladium(0) (7.9 mg, 0.0086 mmol) after 23 
h. The solvent was removed in vacuo and the residue was purified by 

10 flash chromatography (silica gel, 3-5% MeOH/CH^Ch) and preparative 
HPLC (YMCSIL D column, 7% MeOH/l-chlorobutane) to give 17.9 mg 
(26%) of the title compound; mp 306-315°C (CH 2 Cl2-MeOH-EtOAc); W 
NMR (360 MHz, DMSO-dc) 5 2.27 (3H, s), 3.20 (4H, m), 3.77 (4H, m), 7.05 
(2H, d, J 8.8 Hz), 7.40 (2H, d), 7.42 (2H, d, J 8.9 Hz), 8.15 (2H, d, J9.0 

15 Hz), 8.51 (1H, s), 12.35 (1H, br s); MS (ES + ) m/z 421/423 [MH] + . Anal, 
found: C, 65.57; H, 4.84; N, 13.22. C 2 3H2iClN 4 0 2 requires: C, 65.63; H, 
5.03; N, 13.31%. 



20 



EXAMPLE 31 

2-(4-Chlorophenvl)-2,5-dihvdro-6-methvl-743-nitrophenvl1pvrazolof4 < 3- 
cl pyridin-3-one 



a) Ethyl l t 4-dihvdro-2-methvI-3>(3-nitrophenvl)-4-oxo>5- 
25 pyridinecarboxvlate 

Following a similar procedure to that described in Example 19, Step 

a, except using 3-nitrophenylacetone (Shtacher, G.; Dayagi, S. J. Med. 

Chem. 1972, 25, 1174) instead of 3-methoxyphenylacetone, the title 

compound was prepared, by collection of the precipitated solid after 
30 leaving the reaction mixture to cool overnight, followed by washing with 

diethyl ether and drying at 60°C under vacuum, in 37% yield as a whitish 
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solid; m NMR (250 MHz, CDCI3) 5 1.46 (3H, t, J 7.1 Hz), 2.38 (3H, s), 4.48 
(2H, q, J 7.1 Hz), 7.59-7.70 (2H, m), 8.19 (1H, d, J 1.6 Hz), 8.28 (1H, dt, J 
7.4, J'2.0 Hz), 8.93 (1H, s), 11.47 (1H, br s); MS (ES + ) m/z 303 [MH] + . 

5 b) Ethyl 4-chloro-2-methvl-3-(3-nitrQphenvl)-5-pvridinecarboxvlate 

Following a similar procedure to that described in Example 2, Step 
a, except using ethyl l,4-dihydro-2-methyl-3-(3-nitrophenyl)-4-oxo-5- 
pyridinecarboxylate instead of ethyl l,4-dihydro-4-oxo-3-propyl-5- 
pyridinecarboxylate, the title compound was prepared in 79% yield as a 
10 brown oil; 'H NMR (250 MHz, DMSO-cf*) 5 1.34 (3H, t, J 7.1 Hz), 2.29 (3H, 
s), 4.38 (2H, q, J 7.1 Hz), 7.84-7.89 (2H, m), 8.27 (1H, m), 8.35 (1H, m), 
8.87 (1H, s); MS (ES + ) m/z 321/323 [MH]\ 

c) 2-(4-Chlorophenvl)-2 < 5-dihvdro-6-methvI-7'(3-nitrophenvl)pvrazoIor4 < 3- 

15 clnvridin-3-one hydrochloride 

Following a similar procedure to that described in Example 4, 
except using ethyl 4-chloro-2-methyl-3-(3-nitrophenyl)-5- v 
pyridinecarboxylate instead of ethyl 4-chloro-3-propyl-5- 
pyridinecarboxylate, the title compound, after trituration in boiling 

20 ethanol, was prepared in 40% yield as a yellow solid; mp 346-348°C; ] H 
NMR (360 MHz, DMSO-ds) 5 2.28 (3H, s), 7.42 (2H, d, J 8.9 Hz), 7.81 (1H, 
t, J 8.1 Hz), 8.01 (1H, dt, J 7.6, J' 1.0 Hz), 8.12 (2H, d, J 9.0 Hz), 8.30 (1H, 
dt), 8.40 (1H, t, J 1.9 Hz), 8.62 (1H, d), 12.56 (1H, br d, J 5.6 Hz). Anal, 
found: C, 57.12; H, 3.78; N, 13.82. Ci9Hi3ClN 4 O 3 .0.5HCl requires: C, 

25 57.19; H, 3.41; N, 14.04%. 
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EXAMPLE 32 

7>(3'Aminophenvl)-2-(4-chlorophenvl)-2 t 5-dihvdro-6-methvIpvrazolQ[4 1 3- 
clpyridin-3-one 

5 To a stirred preformed mixture of copper(II) acetylacetonate (0.577 

g, 2.20 mmol) and sodium borohydride (2.00 g, 52.9 mmol) in ethanol (550 
ml) was added 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-(3-nitrophenyl)- 
pyrazolo[4,3-c]pyridm-3-one (4.60 g, 11.0 mmol) and the solution was 
heated at 60°C for 20 min, then stirred at room temperature for 1.5 h. 

10 The solvent was removed in vacuo and the residue was purified by flash 
chromatography (silica gel, 5-20% MeOH/CH 2 Cl 2 ) to afford 3.61 g (94%) of 
the title compound as a yellow solid; mp 338-342°C (CH 2 Cl 2 -MeOH- 
EtOAc); *H NMR (360 MHz, DMSO-cf<?) 5 2.23 (3H, s), 5.14 (2H, br s), 6.56 
(1H, d, J 7.5 Hz), 6.61 (1H, d, J 8.0 Hz), 6.67 (1H, s), 7.12 (1H, t, J 7.8 Hz), 

15 7.42 (2H, d, J 9.0 Hz), 8.14 (2H, d, J 9.0 Hz), 8.52 (1H, s), 12.38 (1H, br s); 
MS (ES + ) m/z 351/353 [MH] + . Anal, found: C, 63.18; H, 4.19; N, 15.20. 
Ci9Hi 5 ClN 4 O.0.6H 2 O requires: C, 63.11; H, 4.52; N, 15.49%. 

EXAMPLE 33 

20 

2-(4-Chlorophenvn-2,5-dihvdro-6-methvl-7-r3-(3- 
pvridvlmethvlamino)phenvnpyrazolor4,3-clpvridin-3-one 

To a stirred mixture of 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5- 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one (0.100 g, 0.285 mmol), 

25 3-pyridinecarboxaldehyde (32.3 ml, 0.342 mmol), and acetic acid (65.5 ml, 
1.14 mmol) in anhydrous methanol (4 ml) under nitrogen was added 
sodium cyanoborohydride (21.5 mg, 0.342 mmol) and the mixture was 
stirred for 3 h. The mixture was quenched with saturated aqueous K 2 C0.3 
(0.5 ml) and the solvent was removed in vacuo. The residue was purified 

30 by flash chromatography (silica gel, 5-10% MeOH/CH 2 Cl 2 ) to give 0.1162 g 
(93%) of the title compound as a yellow solid; mp 284-287°C (CH 2 C1 2 - 
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MeOH-EtOAc); J H NMR (360 MHz, DMSO-ds) 5 2.13 (3H, s), 4.34 (2H, d, J 
6.1 Hz), 6.39 (1H, t, J 6.1 Hz), 6.64-6.68 (3H, m), 7.17 (1H, t, J 7.7 Hz), 
7.35 (1H, dd, J 7.9, J' 4.9 Hz), 7.42 (2H, d, J 9.0 Hz), 7.77 (1H, dt), 8.11 
(2H, d, J 9.0 Hz), 8.44 (1H, m), 8.51 (1H, s), 8.61 (1H, s), 12.34 (1H, br s); 
5 MS (ES + ) m/z 442/444 [MH] + , 221/222 [(M+2H)/2] + . Anal, found: C, 67.08; 
H, 4.50; N, 15.54. C25H20CIN5O.O.3H2O requires: C, 67.13; H, 4.64; N, 
15.66%. 

EXAMPLE 34 

10 

2-(4-Chlorophenvl)-2.5-dihvdro-6-methyl-7-f3-(dimethvlamino)phenvl]- 
pvrazolor4.3-clpyridin-3-one 

To a stirred mixture of 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5- 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one (0.100 g, 0.285 mmol), 

15 formaldehyde (51.4 ml, 0.686 mmol), and acetic acid (65.5 ml, 1.14 mmol) 
in anhydrous methanol (4 ml) under nitrogen was added sodium 
cyanoborohydride (42.9 mg, 0.684 mmol) and the mixture was stirred for 7 
h. More formaldehyde (50 ml, 0.667 mmol), sodium cyanoborohydride (40 
mg, 0.637 mmol), acetic acid (65 ml, 1.14 mmol) and some 

20 dichloromethane was added and the mixture was heated to 50°C for lh. 
The mixture was quenched with saturated aqueous K2CO3 (0.5 ml) and 
the solvent was removed in vacuo. The residue was purified by flash 
chromatography (silica gel, 3-5% MeOH/CH 2 Cl z ) to give 0.0905 g (84%) of 
the title compound as a yellow solid; mp 268-272°C (CH 2 Cl 2 -MeOH- 

25 EtOAc); 'H NMR (360 MHz, DMSO-dc) 8 2.26 (3H, s), 2.93 (6H, s), 6.73- 
6.78 (2H, m), 6.84 (1H, m), 7.29 (1H, t, J 7.8 Hz), 7.42 (2H, d, J 9.0 Hz), 
8.14 (2H, d, J 9.0 Hz), 8.54 (1H, s), 12.40 (1H, br s); MS (ES + ) m/z 379/381 
[MH] + , 190/191 [(M+2H)/2]\ Anal, found: C, 65.91; H, 4.93; N, 14.70. 
C2iHi9ClN 4 O.0.2H 2 O requires: C, 65.95; H, 5.11; N, 14.65%. 



30 
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EXAMPLE 35 

A^43>f2-(4-Chlorophenv])-3,5-dihvdro-6>methvI-3-oxo-2//-pvrazQlor 4 1 3. 
dpyridin-7-vllphenvUmethanesulphonamide 
5 To a stirred solution of 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5- 

dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one (0.100 g, 0.285 ramol) in 
anhydrous ethylene glycol, dimethyl ether (5 ml) was added portionwise, 
over a few hours, pyridine (0.228 ml, 2.82 mmol) and methanesulphonyl 
chloride (0.174 ml, 2.25 mmol), and the mixture was heated at 50°C for 1.5 

10 h. The solvent was removed in vacuo and the residue was purified by 

flash chromatography (silica gel, 5-10% MeOH/CH 2 Cl 2 ) to leave 0.1119 g 
(92%) of the title compound as a yellow solid; mp 332-341°C (CH2CI2- 
MeOH-EtOAc); >H NMR (360 MHz, DMSO-ds) 8 2.28 (3H, s), 3.06 (3H, s), 
7.24 (2H, dd, J 7.9, J' 1.8 Hz), 7.40 (1H, m), 7.43 (2H, d, J 9.0 Hz), 7.46 

15 (1H, t, J 8.0 Hz), 8.13 (2H, d, J 9.0 Hz), 8.56 (1H, s); MS (ES+) m/z 
429/431 [MH] + . Anal, found: C, 55.89; H, 4.06; N, 12.60. 
C20H17CIN4O3S.O.2H2O requires: C, 55.54; H, 4.06; N, 12.95%. 

EXAMPLE 36 

20 

2-(4-Chlorophenvl)-2,5>dihvdro-6-methvl-7-r3-(4jj r >1.2.4>triazol-4> 
vl)phenvripvrazolof4,3-c[pvridin-3-one 

A mixture of 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
inethylpyrazolo[4,3-c]pyridin-3-one (0.100 g, 0.285 mmol), N,N- 

25 dimethylformamide azine (Bartlett, R. K.; Humphrey, I. R. J. Chem. Soc. 
C 1967, 1664) (41.3 mg, 0.290 mmol), and p-toluenesulfonic acid (10 mg, 
0.053 mmol) in toluene (4 ml) was heated at reflux under nitrogen for 7 
days, adding more p-toluenesulfonic acid (10 mg, 0.053 mmol) and some 
DMSO after 1 day. The solvents were removed in vacuo and the residue 

30 was purified by flash chromatography (silica gel, 5-15% MeOH/C^Ch), 
then trituration in hot MeOH-CH 2 Cl 2 > to leave 0.0436 g (38%) of the title 
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compound as a yellow solid; mp >350°C; >H NMR (360 MHz, DMSO-d ff ) 6 
2.29 (3H, s), 7.41 (2H, d, J 9.1 Hz), 7.59 (1H, d, J 7.7 Hz), 7.70 (1H, t, J 7.7 
Hz), 7.79 (1H, dd), 7.87 (1H, fine t), 8.11 (2H, d, J 8.9 Hz), 8.62 (1H, s), 
9.18 (2H, s), 12.52 (1H, br s); MS (ES + ) m/z 403/405 [MH] + . Anal, found: 
5 C, 61.14; H, 3.79; N, 20.29. C2iHi5ClNr,O.0.5H 2 O requires: C, 61.24; H, 
3.92; N, 20.41%. 

EXAMPLE 37 

10 N-(3-r2-(4-Chlorophenvl)-3.5-dihvdro-6-methvl-3-oxo-2H-pvrazolor4.3- 
clpyridin-7-yllphenvl)-A^-(ethvl)urea 

To a stirred solution of 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5- 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3 -one (0.0902 g, 0.257 mmol) in 
anhydrous THF (5 ml), under nitrogen, was added dropwise ethyl 

15 isocyanate (22.2 ml, 0.283 mmol) and the solution was stirred at 60°C for 
3 days, adding more ethyl isocyanate (22.2 ml, 0.283 mmol) after 1 and 2 
days. The mixture was filtered, and the collected solid was washed with v 
ethyl acetate and dried at 60°C under vacuum to leave 88.7 mg (82%) of 
the title compound as a yellow solid; mp 299-305°C (CH 2 Cl 2 -MeOH- 

20 EtOAc); W NMR (360 MHz, DMSO-ek) 5 1.05 (3H, t, J 7.2 Hz), 2.24 (3H, 
s), 3.10 (2H, quintet, J 7.1 Hz), 6.10 (1H, t, J 5.6 Hz), 6.99 (1H, d, J 7.6 
Hz), 7.33 (1H, t, J 7.7 Hz), 7.42 (2H, d, J 9.1 Hz), 7.45 (1H, m), 7.51 (1H, 
fine t), 8.13 (2H, d, J 8.9 Hz), 8.51 (1H, s), 8.54 (1H, s), 12.40 (1H, br s); 
MS (ES + ) m/z 422/424 [MH]+. Anal, found: C, 61.67; H, 4.55; N, 16.33. 

25 C22H20CIN5O2.O.3H2O requires: C, 61.84; H, 4.86; N, 16.39%. 
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EXAMPLE 38 

2>(4-Chlorophenvl)-2 < 5-dihvdro-6-methvl-743-(4-methvlpiDerazin-l- 
vl)phenvllpvrazolof4,3-c1pyridin-3-one 
5 A stirred mixture of 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5- 

dihydro-6-methylpyrazolo[4,3<]pyridin-3-one (0.1997 g, 0.570 mmol), and 
mechlorethamine hydrochloride (0.1293 g, 0.672 mmol) in anhydrous 
1-butanol (4 ml) was heated at reflux under nitrogen for 50 h, adding 
sodium carbonate (24.7 mg, 0.233 mmol) after 22 h and more 

10 mechlorethamine hydrochloride (0.4807 g, 2.50 mmol) after 26 h. The 
solvent was removed in vacuo and the residue was purified by flash 
chromatography [silica gel, 5-30% MeOH/CH 2 Cl 2 ; then silica gel, CH 2 C1 2 - 
MeOH-NHs (95:5:0.5 to 93:7:0.7)], to afford 29.6 mg (12%) of the title 
compound as a yellow solid; mp 191-210°C (CH 2 Cl 2 -EtOAc-hexane); J H 

15 NMR (360 MHz, DMSO-cfc) 5 2.25 (3H, s), 2.26 (3H, s), 2.50 (4H, m), 3.20 
(4H, m), 6.89 (1H, d, J 7.5 Hz), 6.99 (1H, m), 7.05 (1H, s), 7.33 (1H, t, J 7.9 
Hz), 7.42 (2H, d, J 9.0 Hz), 8.13 (2H, d, J 8.9 Hz), 8.54 (1H, s), 12.44 (1H, 
br s); MS (ES + ) m/z 434/436 [MH]\ 218 [(M+2H)/2] + . Anal, found: C, 
64.41; H, 5.63; N, 15.44. C 24 H24ClN 5 O.0.7H 2 O requires: C, 64.56; H, 5.73; 

20 N, 15.68%. 

EXAMPLE 39 

2 < 5"Dihvdro-2-phenvI-7-(4-pvridvl)pvrazolof4 < 3-cbvridin-3-one 
25 The title compound was prepared from ethyl 4-(4- 

pyridyl)acetoacetate according to the method of Example 1, isolated as a 
red solid hydrochloride salt. MS (ES + ) m/z 323/325 [MH] + . Anal, found: C, 
52.68; H, 3.86; N, 14.21. C17HnN4OCl.HCLl.5H2O requires: C, 52.87; H, 
3.91; N, 14.51%. 



30 
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EXAMPLE 40 

7-(4>Aminophenvl)-2-(4-chlorQphenvI)'2,5-dihvdro-6-methylpvrazolo['4 T 3' 
clpvridin-3-one 

5 

a) Ethyl 1.4-dihvdro-2-methvl-3-(4-nitrophenvI)-4-oxo-5- 
pyridinecarboxvlate 

To the product of Example 9(a) (15.6 g) was added 4- 
nitrophenylacetone (15 g) and dry methylene chloride (120 ml). 

10 Phosphorus pentoxide (24 g) was then added with stirring, and the 

mixture was stirred under an atmosphere of dry nitrogen for 18 hours. 
The solids were separated by filtration and washed with dry methylene 
chloride (100 ml). The combined filtrates were evaporated, and 
Dowtherm® A (100 ml) was added to the residue. The resulting mixture 

15 was heated rapidly to reflux under an atmosphere of dry nitrogen for 0.17 
h. Upon cooling to room temperature, and allowing to age, the title 
compound crystallised, was collected by filtration, washed with diethyl 
ether, and dried in vacuo. Yield 9.5 g. ] H NMR (360 MHz, DMSO-d*) 5 
12.15 (1H, br s), 8.42 (2H, d, J 8.6 Hz), 7.68 (2H, d, J 8.6 Hz), 4.36 (2H, q, 

20 J 6.8 Hz), 2.28 (3H, s), 1.43 (3H, t, J 7.2 Hz); MS (ES + ) m/z 303 [MH] + . 

b) Ethyl 4>chloro-2-methvl-3-(4-nitrophenvl)-5-pyridinecarboxvlate 

To the product of Example 40(a) (9.5g, 31.45 mmol) was added 
phosphorus oxychloride (100 ml), and the mixture was heated at reflux for 

25 2 h under an atmosphere of dry nitrogen. The volatiles were removed in 
vacuo and the residue was azeotroped with toluene. The residue was 
cooled in an ice bath, and quenched by cautious addition of saturated 
aqueous NaHCC>3 (100 ml). The aqueous layer was extracted with 
dichloromethane (3 x 100 ml), and the combined organic extracts were 

30 dried (Na2S04) and evaporated in vacuo. The residue was purified by 
flash chromatography (silica gel, 25% ethyl acetate/dichloromethane) to 
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yield 8.77 g (87%) of the title compound as a yellow solid; *H NMR (360 
MHz, CDCI3) 5 8.93 (1H, s), 8.37 (2H, d, J 8.7 Hz), 7.40 (2H, d, J 8.7 Hz), 
4.45 (2H, q, J 7.1 Hz), 2.35 (3H, s), 1.42 (3H, t, J 7.2 Hz); MS (ES + ) m/z 
321/323 [MH] + . 

5 

c) 2-(4>Chlor ophenvl)-2,5-dihvdro-6-methvl-7>(4-nitrophenvl)pvrazolo [4 1 8> 
clpyridin-3-one 

The product of Example 40(b) (5.08 g, 15.8 mmol) and 4- 

chlorophenylhydrazine hydrochloride (3.50 g) in anhydrous 1-butanol (180 

10 ml) was stirred at reflux under nitrogen for 4 hours. The mixture was 
then allowed to cool to room temperature, and allowed to age for 18 h. 
The orange solid was then collected by filtration, washed with ethanol, 
and dried in vacuo to give 4.01 g (67%) of the title compound as an orange 
solid; m NMR (360 MHz, DMSO-ck) 5 12.57 (1H, br d, J 7.2 Hz), 8.60 (1H, 

15 d, J 7.2 Hz), 8.33 (2H, d, J 8.8 Hz), 8.10 (2H, d, J 8.8 Hz), 7.82 (2H, d, J 
9.0 Hz), 7.40 (2H, d, J 9.0 Hz), 2.26 (3H, s); MS (ES + ) m/z 381/383 [MH]+. 
Anal found: C, 59.93; H, 3.44; N, 14.71. C19H13N4O3CI requires: C, 59.96; 
H, 3.47; N, 14.40%. 

20 d) 7-(4>Amino phenvn-2-(4-chlorophenvl)>2.5-dihvdro-6-methvl- 
pyrazolof4,3-c1pvridin-3-one 

The product of Example 40(c) (1.75 g, 4.6 mmol) was added as a 
solid to a pre-formed mixture of copper(II) acetylacetonate (0.356 g, 0.92 
mmol), ethanol (70 ml) and sodium borohydride (0.521 g). The mixture 

25 was then warmed Briefly to give a dark red solution, then stirred at room 
temperature for 1 h. The solvent was then evaporated at reduced 
pressure, and the residue was purified by flash chromatography (silica gel, 
5% methanol/dichloromethane) to yield 1.60 g (99%) of the title compound 
as a yellow solid; *H NMR (360 MHz, DMSO-ds) 6 12.04 (1H, br s), 8.46 

30 (1H, s), 8.16 (2H, d, J 9.0 Hz), 7.42 (2H, d, J 9.0 Hz), 7.18 (2H, d, J 8.4 Hz), 
6.65 (2H, d, J 8.4 Hz), 5.25 (2H, s), 2.28 (3H, s); MS (ES + ) m/z 351/353 
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[MH] + . Anal, found: C, 60.96; H, 4.59; N, 14.64. Ci9Hi5N 4 OC1.1.25(H 2 0) 
requires: C, 61.13; H, 4.72; N, 15.01%. 

EXAMPLE 41 

5 

7-(4-AcetamidQphenvl)-2-(4-chlorophenvl)-2,5-dihvdro-6-methvl> 
pyrazolof4,3-c1pyridin-3-one 

To the product of Example 40(d) (0.102 g, 0.29 mmol) in dry 
pyridine (1 ml) was added acetyl chloride (0.035 ml). The mixture was 

10 warmed briefly to give a homogeneous solution, and then stirred at room 
temperature for 18 h. The mixture was diluted with excess aqueous 
sodium hydrogencarbonate, and the yellow solid collected by filtration, 
washed with water, and then diethyl ether. The resulting solid was boiled 
in ethanol (4 ml), then allowed to stand at room temperature. The yellow 

15 solid was collected by filtration and dried in vacuo to afford 0.077 g (68%) 
of the title compound; J H NMR (360 MHz, DMSO.-dc) 5 12.42 (1H, br s), 
10.05 (1H, s), 8.54 (1H, s), 8.13 (2H, d, J 9.0 Hz), 7.68 (2H, d, J 8.5 Hz), 
7.43 (4H, m), 2.26 (3H, s), 2.09 (3H, s); MS (ES + ) m/z 393/395 [MH] + . Anal, 
found: C, 60.06; H, 4.78; N, 12.95. C21H17N4O2CI.I.5H2O requires: C, 

20 60.07; H, 4.80; N, 13.34%. 

EXAMPLE 42 

7.{4-(4.^ er f-Butoxvcarbonvl)piperazin>l>vl)phenvl1-2'(4-chlorophenvl)-2.5- 

25 dihvdro-6-methvlpyrazolof4,3-c]pyridin-3-one 

To the product of Example 40(d) (0.329 g, 0.94 mmol) and bis(2- 
chloroethyl)amine hydrochloride (0.208 g) was added dry 
dime thy If orm amide (2 ml) and water (1 ml). The mixture was then heated 
at 95°C, with stirring, under nitrogen for 24 h. The mixture was then 

30 allowed to cool to room temperature, and di-ter£-butyldicarbonate (0.80 g) 
and solid sodium hydrogencarbonate (1.0 g) were added. The mixture was 
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then stirred at room temperature for 18 h. The solvent was stripped at 
reduced pressure, and the residue was purified by flash chromatography 
(silica gel, 5% methanol/dichloromethane) to yield 0.1 g (20%) of the title 
compound, after recrystallisation from hot toluene, as a yellow solid; MS 
5 (ES + ) m/z 520/522 [MH] + . 



EXAMPLE 43 



2-(4-Chlorophenvl)'2,5-dihvdrO'6-methvI'7-r4-(piperazin-l>vl)phenvll- 

10 pvrazolo[4,3-c1pvridin-3-one bisfhydrochloride) 

To the product of Example 42 (0.042 g, 0.08 mmol) was added a 
saturated solution of hydrogen chloride in methanol, and the resulting 
solution was allowed to age for 18 h. The solvent was then evaporated, 
and the residue was azeotroped with toluene. The residue was 

15 crystallised from methanol-ethyl acetate, and recrystallised from hot 

ethanol to afford the title compound as a yellow solid; *H NMR (500 MHz, 
DMSO-dc) 5 12.47 (br s), 9.05 (br s), 8.52 (1H, s),8.14 (2H, d, J 9.0 Hz), 
7.43 (4H, m), 7.10 (2H, d, J 8.8 Hz), 3.46 (4H, m), 3.26 (4H, m), 2.28 (3H, 
s); MS (ES + ) m/z 420/422 [MH]+. 



20 



EXAMPLE 44 



2'(4-Chlorophenvl)-2,5-dihvdro-6-methvl-7-f4-(pyrrolidin-2-on-l> 
vl)phenvripvrazolof4,3-c1pYridin-3-one 

25 4-Chlorobutyryl chloride (0.36 ml) was dissolved in dichloromethane 

(10 ml), and 1.5 ml of the resulting solution was added to the product of 
Example 40(d) (0.102 g, 0.29 mmol). To the mixture was then added 
pyridine (0.3 ml). The reaction mixture was then stirred for 1 h at room 
temperature. A precipitate formed which was redissolved by the addition 

30 of dry dimethylformamide (1 ml). The reaction mixture was then diluted 
with toluene (20 ml), and solvents stripped at reduced pressure. The 
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residue was redissolved in dry dimethylformamide (2 ml), and sodium 
hydride (0.057 g of a 60% dispersion in oil) was added, and the resulting 
mixture stirred at room temperature for 0.5 h. The reaction mixture was 
then diluted with water (20 ml), and dichloromethane (20 ml), stirred 
5 vigorously briefly, then allowed to stand. The solid was collected by 

filtration, and washed with water, then diethyl ether. The solid was then 
suspended in boiling ethanol, allowed to cool to room temperature, and the 
solid collected by filtration and dried in vacuo, to afford 0.066 g (54%) of 
the title compound; *H NMR (360 MHz, DMSO-dc) 5 12.44 (1H, br s), 8.55 
10 (1H, s), 8.13 (2H, d, J 9.0 Hz), 7.78 (2H, d, J 8.7 Hz), 7.52 (2H, d, J 8.6 Hz), 
7.42 (2H, d, J 8.9 Hz), 3.91 (2H, m), 2.54 (2H, m), 2.27 (3H, s), 2.10 (2H, 
m); MS (ES + ) m/z 419/421 [MH] + . Anal found: C, 62.80; H, 4.75; N, 12.27. 
C23H19N4O2CI.I.25H2O requires: C, 62.58; H, 4.91; N," 12.69%. 

15 EXAMPLE 45 

744-(2-Amino-2-methylpropionamido)phenvn-2-(4"Chlorophenvl)-2,5- 
dihvdro-6-methvlpvrazolof4 i 3-clpyridin-3-one 

To iV-ter£-butoxycarbonyl ot-methylalanine (3.5 g) was added thionyl 

20 chloride (40 ml) and catalytic dry dimethylformamide (3 drops). The 
mixture was then stirred at room temperature for 4 h. The thionyl 
chloride was then evaporated at reduced pressure, and the residue 
azeotroped with toluene and evaporated at reduced pressure. To the 
residue was added dry dichloromethane (17 ml). A portion of this mixture 

25 (3 ml) was then added to the product of Example 40(d) (0.10 g, 0.28 ramol)' 
and the mixture was stirred at room temperature under nitrogen for 5 h. 
Methanol (10 ml) was added, and the mixture was then poured into 
aqueous sodium carbonate. The organic phase was separated, and the 
aqueous phase extracted with dichloromethane. The combined organic 

30 phases were evaporated at reduced pressure, and the residue was purified 
by flash chromatography (silica gel, 10% methanol/dichloromethane) to 
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yield the title compound, (0.02 g, 16%) after crystallisation from hot ethyl 
acetate, as a yellow solid; l U NMR (500 MHz, DMSO-d 6 ), 5 8.54 (1H, s), 
8.13 (2H, d } J 9 Hz), 7.78 (2H, d, J 8.5 Hz), 7.46 (2H, d, J 8.5 Hz), 7.42 
(2H, d, J 9 Hz), 3.32 (2H, s), 2.27 (3H, s), 1.35 (6H, s); MS (ES + ) m/z 
5 436/438 [MH] + . 

EXAMPLE 46 

2'(4-ChloroT3henvl)-2,5-dihvdro-6-methvl>7>r4-(4-methvlpiperazin'l' 

10 vl)phenvl1pvrazolor4 t 3-clpyridin-3-one 

To the product of Example 40(d) (0.106 g, 0.30 mmol) and 
mechlorethamine hydrochloride (0.10 g) was added dry ethanol (2 ml). 
The mixture was then heated at reflux, with stirring, under nitrogen for 
18 h. Further mechlorethamine hydrochloride (0.10 g) was added, and 

15 heating at reflux continued for a further 24 h. The mixture was then 

allowed to cool to room temperature and diluted with dichloromethane (20 
ml) and washed with aqueous sodium hydrogencarbonate (10 ml). The 
organic phase was separated, evaporated at reduced pressure, and the 
residue was purified by thin layer chromatography (silica gel, 10% 

20 methanol/dichloromethane) to yield 0.01 g (8%) of the title compound, 
after recrystallisation from hot ethyl acetate, as a yellow solid; l H NMR 
(500 MHz, DMSO-ds), 5 12.4 (1H, br s), 8.51 (1H, s), 8.15 (2H, d, J 9 Hz), 
7.42 (2H, d, J 8.5 Hz), 7.38 (2H, d, J 8.5 Hz), 7.04 (2H, d, J 9 Hz), 3.24 
(4H, m), 2.53 (4H, m), 2.27 (6H, s); MS (ES + ) m/z 434/436 [MH] + . 

25 

EXAMPLE 47 

7-r4-(A^ / ^er^-Butoxvcarbonvlglvcinamido)phenyll-2»(4-chlorophenvl)-2.5- 
dihvdro-6-methvlpvrazolof4,3-clpvridin-3-one 
30 To iV-ter£-butoxycarbonylglycine (1.2 g) and 1-hydroxybenzotriazole 

(0.93 g) in dry dimethylformamide (7 ml), under nitrogen, was added with 
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stirring l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(1.32 g). The mixture was stirred at room temperature for 1 h, then the 
product of Example 40(d) (1.00 g, 2.85 mmol) was added. The mixture was 
stirred at room temperature for 3 h, then diluted with water (100 ml), and 
5 the resulting yellow solid recovered by filtration, washed with water and 
ethyl acetate, and dried in vacuo to yield 1.18 g (82%) of the title 
compound, as a yellow solid; >H NMR (360 MHz, DMSO-d*) 5 12.43 (1H, br 
s), 10.05 (1H, br s), 8.54 (1H, s), 8.14 (2H, d, J 9.0 Hz), 7.69 (2H, d, J 8.5 
Hz), 7.46 (2H, d, J 8.5 Hz), 7.42 (2H, d, J 9.0 Hz), 7.08 (1H, m), 3.76 (2H, 
10 d, J 6.0 Hz), 2.27 (3H, s), 1.41 (9H, s); MS (ES + ) m/z 508/510 [MH] + . 

EXAMPLE 48 

2-(4-Chlorophenvl)-2,5-cUhvdro^^ 

15 pyrazolof4,3-clpyridin-3-one 

To the product of Example 40(d) (0.153 g, 0.436 mmol) was added 
dimethylformamide azine (0.062 g), p-toluenesulfonic acid (0.005 g), 
toluene (3 ml), and dry dimethylsulfoxide (1 ml). The mixture was then 
heated at reflux, with stirring, under nitrogen for 24 h. Further portions 

20 of dimethylformamide azine (0.062 g) and p-toluenesulfonic acid (0.005 g) 
were then added, and heating at reflux was continued for a further 48 h. 
The mixture was then allowed to cool to room temperature, the solvent 
was removed at reduced pressure, and the residue was purified by flash 
chromatography (silica gel, 10% methanol/dichloromethane) to yield 0.065 

25 g (37%) of the title compound, after recrystallisation from hot 

methanol/ethyl acetate, as a yellow solid; *H NMR (360 MHz, DMSO-d<?) 5 
12.53 (1H, br s), 9.22 (1H, s), 8.60 (1H, br s), 8.13 (2H, d, J 9.0 Hz), 7.85 
(2H, d, J 8.6 Hz), 7.73 (2H, d, J 8.6 Hz), 7.43 (2H, d, J 9.0 Hz), 2.30 (3H, s); 
MS (ES + ) m/z 403/405 [MH) + . 



30 



WO 99/48892 



70 



PCT/GB99/00803 



EXAMPLE 49 

2>(4-ChlorophenvI)-7-(4-cvanophenvlV2,5-dihvdro-6-methvIpyrazolof4.3- 
clpyridin-3-one 

5 

a) Ethyl 3-(4-cvanophenylM,4-dihvdro-2-methvl-4-oxo-5- 
pvridinecarboxvlate 

To the product of Example 9a (4.59 g) was added 4- 
cyanophenylacetone (prepared according to the procedure described in J. 

10 Org, Chem., 1985, 50, 1373-1381) (3.55 g) and dry CH 2 C1 2 (10 ml). 

Phosphorus pentoxide (1 g) was then added with stirring, and the mixture 
was stirred under an atmosphere of dry nitrogen for 18 hours. The solids 
were separated by filtration and washed with dry methylene chloride (10 
ml). The combined filtrates were evaporated, and Dowtherm® A (20 ml) 

15 was added to the residue. The resulting mixture was heated rapidly to 
reflux under an atmosphere of dry nitrogen for 0.17 hours. Upon cooling 
to room temperature, and allowing to age, the title compound crystallised, 
was collected by filtration, washed with diethyl ether, and dried in vacuo, 
to give a cream coloured solid (1.71 g). *H NMR (250 MHz, DMSO-d<?) 5 

20 11.44 (1H, br s), 8.91 (1H, s), 7.73 (2H, d, J 8.6 Hz), 7.40 (2H, d, J 8.6 Hz), 
4.47 (2H, q, J 6.8 Hz), 2.35 (3H, s), 1.46 (3H, t, J 7.2 Hz). 

b) Ethyl 4-chloro-3-(4-cvanophenvI)"2>methvl-5"pyridinecarboxvlate 

To the product of Example 49a (1.7 g, 6.0 mmol) was added 
25 phosphorus oxychloride (40 ml), and the mixture was heated at reflux for 
2 h under an atmosphere of dry nitrogen. The volatiles were removed in 
vacuo and the residue was azeotroped with toluene. The residue was 
cooled in an ice bath, and quenched by cautious addition of saturated , , 
aqueous NaHCOs (60 ml). The aqueous layer was extracted with CH2CI2 
30 (3 x 40 ml), and the combined organic extracts were dried (Na2SO<0 and 
evaporated in vacuo. The residue was purified by flash chromatography 
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(silica gel, eluent 10% ethyl acetate/CI^Ch) to yield 1.62 g of the title 
compound as a pale yellow solid; *H NMR (250 MHz, CDC1 3 ) 5 8.92 (1H, s), 
7.80 (2H, d, J 8.7 Hz), 7.33 (2H, d, J 8.7 Hz), 4.44 (2H, q, J 7.1 Hz), 2.34 
(3H, s), 1.42 (3H, t, J 7.2 Hz); MS (ES + ) tn/z 301/303 [MH]+. 

5 

c) 2>(4'ChlQrophenvl)-7-(4-cvanoDhenvl)-2 < 5-dihvdro-6-methvlpyrazolo[4.3- 
clpyridin-3-one 

The product of Example 49b (1.60 g, 5.32 mmol) and 4- 
chlorophenylhydrazine hydrochloride (1.14 g; 6.38 mmol) in anhydrous 1- 

10 butanol (50 ml) was stirred at reflux under nitrogen for 4 hours. The 

mixture was then allowed to cool to room temperature, and allowed to age 
for 18 hours. The orange solid was then collected by filtration, washed 
with ethanol, and dried in vacuo to give 1.4 g (72%) of the title compound 
as an orange solid; J H NMR (360 MHz, DMSO-dc) 8 12.54 (1H, br d, J 5.2 

15 Hz), 8.60 (1H, d, J 7.2 Hz), 8.11 (2H, d, J 8.8 Hz), 7.96 (2H, d, J 8.8 Hz), 
7.75 (2H, d, J 9.0 Hz), 7.41 (2H, d, J 9.0 Hz), 2.26 (3H, s); MS (ES+) m/z 
361/363 [MH] + . Anal, found: C, 66.33; H, 3.63; N, 15.23. C19H13N4O3CI 
requires: C, 66.58; H, 3.51; N, 15.53%. 

20 EXAMPLE 50 

7-(3-Cvanophenvl)-2-(4-chlorophenvl)-2 < 5'dihvdrO"6-methvlpyrazolof4 < 3- 
clpyridin-3-one 

25 a) Ethyl 3-(3-cvanophenvl)-l,4-dihvdro-2-methvl-4'Oxo-5- 

pyridinecarboxvlate 

Following a similar procedure to that described in Example 49a, 

except using 3-cyanophenylacetone (prepared by an analogous procedure 

to that described in J. Org. Chem., 1985, 50, 1373-1381) instead of 4- 
30 cyanophenylacetone, the title compound was prepared as a brown solid. l H 

NMR (250 MHz, DMSO-d*) 511.43 (1H, br s), 8,91 (1H, s), 7.59 (4H, m), 
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4.45 (2H, q, J 6.8 Hz), 2.35 (3H, s), 1.40 (3H, t, J 7.2 Hz); MS (ES + ) m/z 
283 [MH] + . 

b) Ethyl 4'Chloro-3-(3-cvanophenvl)>2>methvl>5-pvridinecarboxvlatp 

5 Following a similar procedure to that described in Example 49b, 

except using ethyl 3-(3-cyanophenyl)-l,4-dihydro-2-methyl-4-oxo-5- 
pyridinecarboxylate instead of using ethyl 3-(4-cyanophenyl)-l,4-dihydro- 
2-methyl-4-oxo-5-pyridinecarboxylate, the title compound was produced as 
a pale yellow solid. W NMR (360 MHz, CDCla) 5 8.91 (1H, s), 7.75 (1H, d, 
10 J 8.7 Hz), 7.63 (1H, dd, J 8.7, 8.7 Hz), 7.52 (1H, s), 7.45 (1H, d, J 8.7 Hz), 
4.44 (2H, q, J 7.1 Hz), 2.34 (3H, s), 1.42 (3H, t, J 7.2 Hz); MS (ES + ) m/z 
301/303 [MH]+. 

c) 7-(3-CvanophenvI)-2-(4-chIorophenvl)>2,5-dihvdro-6-methvIpyrazolor4.3- 
15 clpyridin-3-one 

Following a similar procedure to that described in Example 49c, 
except using ethyl 4-chloro-3-(3-cyanophenyl)-2-methyl-5- 
pyridinecarboxylate instead of using ethyl 4-chloro-3-(4-cyanophenyl)-2- 
methyl-5-pyridinecarboxylate, the title compound was produced as a pale 
yellow solid. ^H NMR (360 MHz, DMSO-de) 8 12.52 (1H, s), 8.91 (1H, s), 
8.12 (2H, d, J 8.8 Hz), 8.10 (1H, s), 7.91 (2H, m), 7.72 (1H, dd, J 8.7, 8.7 
Hz), 7.42 (2H, d, J 8.7 Hz), 2.25 (3H, s); MS (ES + ) m/z 361/363 [MH] + . 
Anal, found: C, 63.47; H, 3.81; N, 14.38. C20H13N4OCI.O.5HCI requires: C, 
63.31; H, 3.58; N, 14.66%. 

EXAMPLE 51 

2^4-ChloroDhe nvl)>2 1 5-dihvdro-6-methvl-7-r4-(pvridin-2-vlmethvlamino>- 
phenvnpvrazolof4 1 3-clpvridin-3>one 

To a stirred mixture of 7-(4-aminophenyl)-2-(4-chlorophenyl)-2,5* 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one (0.150 g, 0.43 mmol), 2- 
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pyridinecarboxaldehyde (81 pi, 0.85 mmol) and acetic acid (18 jul, 0.31 
mmol) in anhydrous MeOH (3 ml) under nitrogen was added sodium 
cyanoborohydride (0.02 g, 0.32 mmol) and the mixture was stirred for 24 
h. The mixture was quenched with saturated aqueous K2CO3 (0.5 ml) and 
5 the solvent was removed in vacuo. The residue was purified by flash 
chromatography (silica gel, 5-10% MeOH/CH 2 Cl 2 ) to give 0.076 g (39.7%) 
of the title compound as a yellow solid; 'H NMR (360 MHz, DMSO-dc) 5 
12.32 (1H, br s), 8.57 (1H, d, J 2.1 Hz), 8.47 (1H, s), 8.14 (2H, d, J 8.7 Hz), 
7.77 (1H, t, J 7.5 Hz), 7.43 (3H, m), 7.25 (3H, m), 6.68 (2H, d, J 8.3 Hz), 
10 6.56 (1H, t, J 2.5 Hz), 4.41 (2H, d, J 5.8 Hz), 2.26 (3H, s); MS (ES + ) m/z 
442/444 [MH] + , 221/222 [(M+2H)/2] + . 

EXAMPLE 52 

15 2-(4-ChIorophenvl)-7-r4-(N.A^-di(cvclopropvlmethvnaminomhenvll-2.5- 
dihvdro-6-methvlpvrazolof4.3-clpvridin-3-one 

To a stirred mixture of 7-(4-aminophenyl)-2-(4-chlorophenyl)-2,5- 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one (0.150 g, 0.43 mmol), 
cyclopropane carboxaldehyde (80 pi, 1 mmol) and acetic acid (30 pi, 0.52 

20 mmol) in anhydrous MeOH (3 ml) under nitrogen was added sodium 

cyanoborohydride (0.02 g, 0.32 mmol) and the mixture was stirred for 24 
h. The mixture was quenched with saturated aqueous K2CO3 (0.5 ml) and 
the solvent was removed in vacuo. The residue was purified by flash 
chromatography (silica gel, 5-10% MeOH/CH 2 Cl 2 ) to give 0.049 g (24.9%) 

25 of the title compound as a yellow solid; m NMR (360 MHz, DMSO-de) 5 
12.05 (1H, d, J 6.2 Hz), 8.18 (1H, d, J 6.5 Hz), 7.87 (2H, d, J 9.0 Hz), 7.12 
(2H, d, J 8.9 Hz), 7.04 (2H, d, J 8.8 Hz), 6.56 (2H, d, J 8.8 Hz), 3.31 (4H, d, 
J 6.3 Hz), 1.99 (3H, s), 0.79 (2H, m), 0.18 (4H, m), 0.00 (4H, m); MS (ES + ) 
m/z 459/461 (MH] + . Anal, found: C, 69.51; H, 6.03; N, 11.94. 

30 C 2 7H 2 7N 4 ClN 4 O.0.5H 2 O requires: C, 69.29; H, 6.03; N, 11.97%. 
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2-(4-Chlorophenvl)-744-(N-cvclopropyImethvlamino)phenvl1>2 t 5'dihvdro-6- 
methvlpvrazolof4 < 3>c]pvridin-3-one 

Also isolated from the above reaction as a yellow solid, 0.083 g 
(47.9%). m NMR (360 MHz, DMSO-dc) 5 12.07 (1H, d, J 6.3 Hz), 8.21 
5 (1H, d, J 6.6 Hz), 7.91 (2H, d, J 8.9 Hz), 7.16 (2H, d, J 8.9 Hz), 6.99 (2H, d, 
J 8.9 Hz), 6.42 (2H, d, J 8.8 Hz), 5.62 (1H, br s), 2.70 (2H, d, J 2.9 Hz), 
2.03 (3H, s), 0.83 (1H, m), 0.23 (2H, m), -0.01 (2H, m); MS (ES + ) m/z 
405/407 [MH] + . 

10 EXAMPLE 53 

7-(4-CarboxamidophenvI)-2-(4-chlorophenvl)-2,5-dihvdro-6-methvl- 
pyrazolof4.3-c]pvridin-3-one 

To sulfuric acid (5 ml; 85% v/v H2O) was added the product of 

15 Example 49c (0.05 g, 0.14 mmol) and the solution heated at 85°C for 4 
hours. The reaction was poured into ice water (10 ml) and the solution 
adjusted to pH 7 with sodium carbonate. The yellow precipitate was 
filtered off and air dried. The resulting solid was recrystallised from 
MeOH/CH2Cl2/CH 3 C02C2H5 to give the product as an orange solid, 0.045 g 

20 (85.7%). iH NMR (360 MHz, DMSO-d*) 5 12.52 (1H, br s), 8.31 (1H, s), 

8.12 (2H, d, J 12.9 Hz), 8.08 (1H, m), 8.04 (2H, d, J 12.0 Hz), 7.60 (2H, d, J 
11.9 Hz), 7.44 (1H, m), 7.42 (2H, d, J 12.7 Hz), 2.26 (3H, s); MS (ES + ) m/z 
379/381 [MH] + . Anal, found: C, 56.54; H, 3.98; N, 12.87. 
C 2 oHi5ClN 4 02.0.5H2S0 4 requires: C, 56.14; H, 3.77; N, 13.10%. 

25 

EXAMPLE 54 

2>(4-ChlorophenvlV2 t 5-dihvdro-7-(3>methoxvcarbonvlphenvl)-6-methvl- 
PYrazolof4.3-c1pvridin-3-one 
30 Hydrogen chloride was bubbled through a suspension of the product 

of Example 50c (O.i g, ; 0.27 mmol) in MeOH (5 ml) and CH 2 C1 2 (2 ml) at 
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0°C for 30 minutes; the vessel was then sealed and stirred at 25°C for 24 
hours. The solvent was removed in vacuo and the residue dissolved in 
CH^Ch/MeOH (10:1) and washed twice with sat. sodium hydrogen 
carbonate solution. The organic phase was then separated, dried (MgSC^), 
5 filtered and evaporated to give a yellow solid. The crude product was 
purified by flash chromatography (silica gel, 7% MeOH/CH^Ch) to afford 
the title compound as a yellow solid, 0.032 g (29.3%). W NMR (360 MHz, 
DMSO-d*) 5 12.51 (1H, br s), 8.31 (1H, s), 8.12 (3H, m), 8.08 (1H, m), 7.80 
(1H, m), 7.77 (1H, m), 7.39 (2H, d, J 8.9 Hz), 3.88 (3H, s), 2.24 (3H, s); MS 
10 (ES + ) rn/z 394/396 [MH] + . Anal, found: C, 62.37; H, 4.20; N, 10.19. 
C21H1GCIN3O3.O.5H2O requires: C, 62.69; H, 4.13; N, 10.44%. 

EXAMPLE 55 

15 2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r3-(pvridin-2> 
vlmethvlaminomethvl)phenvllpvrazolof4,3-clpyridin-3-one 

a) 2-(4>Chlorophenvl)-7-(3-formvlphenvl)-2.5-dihvdro-6- 
methylpvrazolof4,3-clpyridin-3-one 

20 To a suspension of the product of Example 50c (0.1 g, 0.28 mmol) in 

CH2CI2 (8 ml) at 0°C was added diisobutylaluminium hydride (1.0 M 
CH2CI2 soln.; 0.55 ml; 0.55 mmol) and the resulting solution stirred for 2 
hours at 25°C. HC1 (1.0 M; 0.5 ml) was added drop wise at 0°C and the 
mixture stirred vigorously for 15 minutes. The reaction was then diluted 

25 with CH2CI2 and the organic phase washed with saturated aqueous 

sodium hydrogen carbonate solution. The organic phase was separated, 
dried (MgSO^), filtered and evaporated to give the product as a yellow 
solid, 0.100 g (99.2%) which was used without, further purification in the 
subsequent step. MS (ES + ) m/z 364/366 [MH]+. 
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b) 2-( r 4-Chlorophenvl)-2,5-dihvdrQ-6-methvl-743-(pvridin>2- 
vlmethvlaminomethvl)phenvnpvrazolo[4,3-dpyridin-3-one 

To a solution of the product of Example 55a (0.1 g, 0.275 mmol) in 
methanol (5 ml) was added acetic acid (31 jxl, 0.55 mmol), sodium 
5 cyanoborohydride (10.3 mg, 0.165 mmol) and 2-(aminomethyl)pyridine 
(0.17 ml, 1.65 mmol). After stirring for 18 hours the solvent was 
evaporated and the crude product purified by flash chromatography (silica 
gel, 10% MeOH/CH2Cl2) to afford the title compound as a yellow solid, 
0.023 g (18.4%). m NMR (360 MHz, CD 3 OD) 5 8.46 (1H, s), 8.43 (1H, s), 
10 7.93 (2H, d, J 8.9 Hz), 7.73 (1H, m), 7.31 (8H, m), 3.93 (2H, s), 3.88 (2H, s), 
2.32 (3H, s); MS (ES + ) m/z 456/458 [MH] + . 

EXAMPLE 56 

15 2-(4^Chlorophenvl)-2.5-dihvdro-6-methvl-7-r4-(pyridin-2- 
vlmethvlaminomethvl)phenvllpvrazolo[4 < 3"Clpyridin-3-one 

a) 2'(4-Chlorophenvl)-7-(4>formvlphenyl)-2 t 5-dihvdro-6- 
methvlpvrazolor4.3-c1pyridin-3-one 
20 Following a similar procedure to that described in Example 55a, 

except using the product of Example 49c instead of the product of Example 
50c, the title compound was prepared as a yellow solid. MS (ES + ) m/z 
364/366 [MH] + . 

25 b) 2-(4-Chlorophenvl)-2,5-dihv^ro-6-methyl-7-f4-(pvridin-2> 
vlmethvlaminomethvnphenvnpvrazolor4,3-c1pyridin>3-one 

Following a similar procedure to that described in Example 55b, 
except using the product of Example 56a, the title compound was 
prepared as a yellow. solid. ^H NMR (360 MHz, CD3OD) 8 8.52 (1H, s), 

30 8.40 (1H, s), 7.91 (2H,d, J 8.9 Hz), 7.82 (1H, m), 7.41 (8H, m), 3.93 (2H, s), 
3.88 (2H, s), 2.29 (3H, s); MS (ES + ) m/z 456/458 [MH] + . 
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EXAMPLE 57 

7-[4-(Benzvlaminomethvl)phenvl1-2-(4-chlorophenvIV2,5-dihvdro-6- 
5 methvl-pvrazolof4,3-c1pvridin-3-one 

Following a similar procedure to that described in Example 55b, 
except using the product of Example 56a, and benzylamine instead of 2- 
(aminomethyl)pyridine, the title compound was prepared as a yellow solid. 
m NMR (360 MHz, CD3OD) 8 7.77 (1H, s), 7.33 (2H, d, J 9.9 Hz), 6.84 
10 (4H, s), 6.70 (7H, m), 3.20 (2H, s), 3.18 (2H, s), 1.68 (3H, s); MS (ES+) m/z 
455/457 [MH] + . 

EXAMPLE 58 

15 7>(3-Carboxamidophenvl)-2-(4-chlorophenvl)-2,5'dihydro-6-methvl- 

pyrazolof4,3-clpyridin-3-one 

Following a similar procedure to that described in Example 53, 

except using the product of Example 50c instead of the product of 49c, the 

title compound was prepared as a yellow solid. *H NMR (360 MHz, DMSO- 
20 de) 8 12.45 (1H, br s), 8.61 (1H, s), 8.12 (2H, d, J 8.9 Hz), 8.00 (3H, m), 

7.60 (2H, m), 7.40 (2H, d, J 9.0 Hz), 2.24 (3H, s); MS (ES + ) m/z 379/381 

[MH]+. 



25 



EXAMPLE 59 



2-(4-Chlorophenvl)-2,5-dihvdro-6-methvl-7-[4-(pyrrolidin-l- 
vlmethvl)phenvl]-pvrazolof4,3-c1pvridin-3-one 

Following a similar procedure to that described in Example 55b, 
except using the product of Example 56a, and pyrrolidine instead of 2- 
30 (aminomethyl)pyridine, the title compound was prepared as a yellow solid. 
l H NMR (360 MHz, CD 3 OD) 8 8.26 (1H, s), 7,91 (2H, d, J 8.9 Hz), 7.38 
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. (4H, s), 7.24 (2H, d, J 8.9 Hz), 3.63 (2H, s), 2.54 (4H, br s), 2.24 (3H, s), 
1.76 (4H, br s); MS (ES + ) m/z 419/421 [MH] + . 

EXAMPLE 60 

5 

2-(4>Chlorophe nvl)-2,5-dihvdro-7-r4-(hvdroxvmethvl)phenvl1.6>methvl- 
Pvrazolof4.3-cbvridin-3-one 

a) 2-(4-Chlorophenvl)>2.5-dihvdro-7-(4-methoxvcarbonvlphenvl)-6-methvl> 
10 pyrazolor4,3-clpyridin-3-one 

Following a similar procedure to that described in Example 54 
except using the product of Example 49c the title compound was prepared 
as a yellow solid. J H NMR (360 MHz, DMSO-dc) 5 12.51 (1H, d, J 6.0 Hz), 
8.60 (1H, d, J 6.6 Hz), 8.12 (2H, d, J 8.2 Hz), 8.10 (2H, d, J8.3 Hz), 7.68 
15 (2H, d, J 8.2 Hz), 7.40 (2H, d, J 8.2 Hz), 3.90 (3H, s), 2.26 (3H, s); MS (ES+) 
m/z 394/396 [MH] + . Anal, found: C, 61.55; H, 4.45; N, 9.74. 
C2JH16CIN3O3.H2O requires: C, 61.24; H, 4.40; N, 10.20%. 

b) 2-(4>Chlorophenvl)-2,5-dihvdro-744>(hvdroxymethvl)phenvn-6-methvl- 
20 pyrazolof4,3-c1pyridin-3-one 

To a suspension of the product from Example 60a (0.025 g, 0.06 
mmol) in CH2CI2 (5 ml) at -10°C was added diisobutylaluminium hydride 
(1.0 M CH2CI2 soln.; 0.2 ml, 0.2 mmol) and the resulting solution was 
stirred for 12 hours at 25°C. HC1 (1.0 M; 0.5 ml) was added dropwise at 

25 0°C and the mixture stirred vigorously for 15 minutes. The reaction was 
then diluted with CH2CI2 and the organic phase was washed with 
saturated aqueous sodium hydrogen carbonate solution. The organic 
phase was separated, dried (MgS0 4 ), filtered and evaporated to give the 
product as a yellow solid. The crude product was purified by flash 

30 chromatography (silica gel, 10% MeOH/CH 2 Cl 2 ) to afford the title 

compound as a yellow solid, 0.016 g (68.8%). *H NMR (360 MHz, DMSO- 
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de) 5 12.43 (1H, br s), 8.58 (1H, s), 8.13 (2H, d, J 9.0 Hz), 7.43 (6H, m), 
5.25 (1H, t, J 5.7 Hz), 4.57 (2H, d, J 5.5 Hz), 2.25 (3H, s); MS (ES + ) m/z 
366/368 [MH] + . 

5 EXAMPLE 61 

2-(4-ChIoroDh envl)-2.5-dihvdro>7^4-iQdoDhenvlV6-methvlpvrazolor4.3- 
clpyridin-3'One 

10 a) 2-(4-ChloroDhenvlV 7-(4-diazophenvl)-2.5-dihvdro-6-m^thvlpvrazQlo[4.3- 
clpyridin-3-one fluoroborate 

To the product of Example 40 (5.0 g, 14.3 mmol) in 
N-dimethylformamide (200 ml) containing tetrafluoroboric acid (3.6 ml, 
28.5 mmol) was added dropwise isoamyl nitrite (3.8 ml, 28.5 mmol). After 
15 4 hours the reaction was poured into ice water (800 ml) with vigorous 
stirring. After stirring for 30 minutes the precipitate was filtered off 
washing with cold ethanol and diethyl ether. Dryingunder high vacuum 
gave the product as a purple solid (78%). MS (ES + ) m/z 334/336 [M-N 2 ] + . 

20 b) 2>(4>ChlorophenvD-2,5-dihvdro-7-(4-iodophenvI)>6-methvlpvrazolo[4.3- 
clpyridin-3-one 

To a solution of potassium iodide (1.77 g, 10.6 mmol) and iodine (1.2 
g, 4.72 mmol) at 10°C was added dropwise a solution of the product of 
Example 61a (4.0 g, 9.0 mmol) in dimethylsulphoxide (15 ml). After 

25 stirring for 1 hour the temperature was raised to 40°C for 30 minutes. 
After cooling to room temperature saturated aqueous sodium bisulfite 
solution (30 ml) was added in one portion with vigorous stirring, and then 
the reaction further diluted with ice water (200 ml). The solid-was 
collected by filtration, and washed with water, cold ethanol, and diethyl 

30 ether. Drying under high vacuum gave the title product as a yellow solid, 
3.99 g (97%). *H NMR (360 MHz, DMSO-ds) 5 12.52 (1H, br s), 8.60 (1H, 
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br s), 8.12 (2H, d, J 12.8 Hz), 7.87 (2H, d, J 11.7 Hz), 7.42 (2H, d, J 12.8 
Hz), 7.33 (2H, d, J 11.8 Hz), 2.25 (3H, s); MS (ES + ) m/z 462/464 [MH]+. 

EXAMPLE 62 

5 

2-(4-Chlorophenvl)-2,5-dihvdro-6-methvl-7-r4-(3-dimethvlaminoprop-l-vn- 
l-vl)phenvl]pvrazolor4.3-c]pvridin-3-one 

To the product of Example 61b (0.3 g, 0.7 mmol) and 
ATN-dimethylpropargylamine (52 ^1, 0.48 mmol) in piperidine (5 ml) was 

10 added copper(I) iodide (0.0006 g, 3.2 ^mol) and 

tetrakis(triphenylphosphine)-palladium(0) (0.0037 g, 3.2 jamol), and the 
mixture heated at 80°C for 12 hours. The solvent was removed in vacuo 
and the crude product purified by flash chromatography (silica gel, 7% 
MeOH/CH 2 Cl 2 ). Recrystallisation from MeOH/CH 2 Cl 2 /CH 3 C0 2 C 2 H 5 

15 afforded the title compound as a yellow solid, 0.087 g (64.3%). *H NMR 
. (360 MHz, DMSO-d*) 5 12.43 (1H, br s), 8.59 (1H, s), 8.13 (2H, d, J 9.0 
Hz), 7.54 (2H; m), 7.41 (2H, d, J 9.0 Hz), 3.60 (2H, s), 2.34 (6H, s), 2.26 
(3H, s); MS (ES + ) m/z 417/419 [MH] + , 209 [(M+2H)/2] + . 

20 EXAMPLE 63 

2^4-Chlorophenvl)>2,5-dihvdro>7>r4-(imidazol-l-vl)phenvll-6-methvl- 
pyrazolof4.3-c1pyridin-3-one 

To a solution of the product of Example 61b (0.1 g, 0.22 mmol) and 

25 imidazole (0.034 g, 0.5 mmol) in l-methyl-2-pyrrolidinone (1 ml) was 

added potassium carbonate (0.060 g, 0.43 mmol) and copper bronze (0.002 
g, 31 ^imol) and the mixture heated at 140°C for 12 hours. The solvent 
was removed in uacuo'and the crude product purified by flash 
chromatography (silica gel, 7% MeOH/CH 2 Cl 2 ). Recrystallisation from 

30 MeOH/CH 2 Cl 2 / CH 3 C0 2 C 2 H5 afforded the title compound as a sandy 

coloured solid, 0.037 g (42.5%). W NMR (360 MHz, DMSO-d*) 5 12.53 (1H, 
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br s), 9.82 (1H, br s), 8.62 (1H, s), 8.13 (2H, d, J 9.0 Hz), 8.01 (1H, br s), 
7.96 (2H, d, J 9.0 Hz), 7.82 (2H, d, J 9.1 Hz), 7.43 (2H, d, J 9.0 Hz), 3.60 
(2H, s), 2.34 (6H, s), 2.31 (3H, s); MS (ES + ) m/z 402/404 [MH]\ 201 
[(M+2H)/2]+. 

5 

EXAMPLE 64 

2>(4-Chlorophenvl)-2 < 5'dihvdro-7-r4-(imidazoU2-vl)phenvlV6-methvl> 
pyrazolof4,3-c1pyridin-3-one 

10 

a) 2>(4-Chlorophenvl)-2.5>dihvdro-6>methvl-7-r4-(l- 

(trimethvlsilvloxvethoxv>methvl)imidazol'2'vl)phenvI1pyrazolQf4.3- 

c|pvridin-3-one 

To a solution of A^-(trimethylsilyloxyethoxymethyl)imidazole (0.98 g, 

15 1 mmol) in THF (5 ml) at -78°C was added n-butyllithium (1.6 M sol. in 

hexanes; 0.65 ml, 1.04 mmol) dropwise with stirring. After 15 minutes the 
reaction was allowed to warm to room temperature. After stirring for 10 
minutes zinc chloride (0.5 M sol. in THF; 2.0 ml, 1.0 mmol) was added in 
one portion and the reaction stirred for 1 hour. To this solution was added 

20 a solution of the product of Example 61b (0.313 g, 0.68 mmol) and 
tetrakis(triphenylphosphine)palladium(0) (0.08 g, 0.07 mmol) in 
iV,N-dimethylformamide (5 ml) dropwise and then the temperature was 
raised to 50°C with stirring for 10 hours. The solvent was removed in 
vacuo and the crude product was purified by flash chromatography (silica 

25 gel, 6% MeOH/CH 2 Cl 2 ). Recrystallisation from 

MeOH/CH2Cl2/CH3C0 2 C 2 H5 afforded the title compound as a yellow solid, 
0.12 g (33.0%). m NMR (250 MHz, DMSO-dc) 5 12.56 (1H, br s), 8.64 (1H, 
br s), 8.62 (1H, s), 8.19 (2H, d, J 8.9 Hz), 7.95 (2H, d, J 9.0 Hz), 7.68 (2H, 
d, J 9.0 Hz), 7.56 (1H, s), 7.45 (2H, d, J 8.9 Hz), 7.12 (1H, s), 5.49 (2H, s), 

30 3.65 (2H, t, J 7.8 Hz), 2.35 (3H, s), 0.93 (2H, t, J 7.8 Hz), 0.00 (9H, s); MS 
(ES + ) m/z 532/534 [MH] + . 
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b) 2-(4-Chlorophenvl)-2,5-dihvdro-7-r4-(imidazol-2-vl)phenvll>6-methyl> 
pyrazolof4.3-c1pyridin-3-one hydrochloride salt 

The product from Example 64a (0.1 g, 0.19 mmol) was dissolved in 
5 HC1 (5.0 M, 5 ml) and ethanol (10 ml) and the solution warmed to 50°C for 
12 hours. The reaction was allowed to cool and then adjusted to pH 7 by 
the addition of sodium hydroxide solution. The precipitate was collected 
by filtration washing with water, cold ethanol and diethyl ether. The 
crude product was purified by flash chromatography (silica gel, 6% 

10 MeOH/CH2Cl2). The solid obtained was taken up in the minimum amount 
of methanol, diluted with ethyl acetate, and hydrogen chloride was then 
bubbled through the solution. The precipitate was collected by filtration 
washing with ethyl acetate to give the product as a pale yellow solid, 0.56 
g (68.0%). iH NMR (360 MHz, DMSO-dc) 5 15.11 (1H, br s), 12.73 (1H, d, J 

15 2.3 Hz), 8.60 (1H, d, J 2.3 Hz), 8.27 (2H, d, J 8.4 Hz), 8.13 (2H, d, J 8.7 

Hz), 7.85 (2H, s), 7.82 (2H, d, J 8.4 Hz), 7.42 (2H, d, J 8.5 Hz), 2.31 (3H, s); 
MS (ES + ) m/z 402/404 [MH] + . 



20 



EXAMPLE 65 

2-(4>Chlorophenvl)-2.5-dihvdro-6-methvl-7>f4-q.2.3>triazol-5-vnphenvll- 
pyrazolor4,3-c1pvridin-3-one 



a) 2-(4-Chlorophenvl)-2 > 5-dihvdro-6-methvl-7-r4-(l- 
25 (trimethvlsilvloxvethoxv-methvl)-l,2,3-triazol-5-vl)phenvnpvrazolor4 > 3~ 
clpyridin-3-one 

Following a similar procedure to that described in Example 64a, 
except using l-(trimethylsilyloxyethoxymethyl)-l,2,3-triazole instead of 
N-(trimethylsilyloxyethoxymethyl)imidazole the title compound was 
30 prepared as a yellow solid. *H NMR (250 MHz, DMSO-d*) 5 12.08 (IH, br 
s), 8.64 (IH, s), 8.62 (IH, s), 8.20 (1H, s), 8.19 (2H, d, J 8.2 Hz), 7.92 (2H, 
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d, J 8.4 Hz), 7.67 (2H, d, J 8.3 Hz), 7.48 (2H, d, J 8.2 Hz), 5.89 (2H, s), 3.74 
(2H, t, J 8.1 Hz), 2.35 (3H, s), 0.93 (2H, t, J 8.1 Hz), 0.00 (9H, s); MS (ES + ) 
m/z 533/535 [MH] + . 

5 b) 2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r4-(1.2.3-triazo]-5-vl)Dhenvll- 
pvrazolof4,3-clpyridin-3-one 

Following a similar procedure to that described in Example 64b, 
except using the product from Example 65a, the title compound was 
prepared as a yellow solid. W NMR (360 MHz, DMSO-d<?) 8 12.49 (1H, d, J 
10 6.13 Hz), 8.58 (1H, d, J 6.13 Hz), 8.15 (2H, d, J 8.2 Hz), 7.98 (2H, d, J 8.3 
Hz), 7.62 (2H, d, J 8.2 Hz), 7.41 (2H, d, J 8.2 Hz), 2.31 (3H, s); MS (ES + ) 
m/z 403/405 [MH] + , 202 [(M+2H)/2] + . Anal, found: C, 61.87; H, 3.57: N, 
20.19. C21H15CIN6O.O.3H2O requires: C, 61.78; H, 3.85; N, 20.59%. 

15 EXAMPLE 66 

2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-f4-(thiazol-2-vl)phenvn- •- 
PvrazoIo[4.3-c|pyridin-3-one 

Following a similar procedure to that described in Example 64a, 

20 except using thiazole instead of N- 

(trimethylsilyloxyethoxymethyl)imidazole the title compound was 
prepared as a yellow solid. *H NMR (360 MHz, DMSO-de) 5 12.50 (1H, br 
s), 8.64 (1H, s), 8.60 (1H, s), 8.14 (2H, d, J 9.0 Hz), 8.07 (2H, d, J 8.9 Hz), 
7.97 (1H, d, J 3.3 Hz), 7.83 (1H, d, J 3.3 Hz), 7.67 (2H, d, J 8.9 Hz), 7.41 

25 (2H, d, J 8.9 Hz), 2.30 (3H, s); MS (ES + ) m/z 419/421 [MH] + . 

EXAMPLE 67 

2-(4-Chlorophenvl)-2.5-dihvdro-7-(4-hvdroxyphenvI)-6-methvlpvrazolo[4.3- 
30 clpyridin-3-one 
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10 



The product of Example 61a (0.15 g, 0.33 mmol) in sulfuric acid 
(0.05 M, 8 ml) was heated at 75°C for 3 hours. After cooling to room 
temperature the yellow precipitate was collected by filtration, and washed 
with water. The crude product was purified by flash chromatography 
(silica gel, 6% MeOH/CH 2 Cl 2 ) to give the title product as a yellow solid, 
0.85 g (72.0%). *H NMR (360 MHz, DMSO-cfa) 5 12.37 (1H, br s), 9.59 (1H, 
br s), 8.51 (1H, s), 8.14 (2H, d, J 8.6 Hz), 7.42 (2H, d, J 8.5 Hz), 7.32 (2H, 
d, J 8.6 Hz), 6.87 (2H, d, J 8.9 Hz), 2.26 (3H, s); MS (ES + ) m/z 352/354 
[MH]+. 

EXAMPLE 68 



2-(4-Chlorophenvl)-2 < 5-dihvdro>7-r4>(3-hvdroxyprop-l-vn-l-vl > )phenvl1>6' 
methvlpvrazolof4,3-c1pyridin-3-one 

15 Following a similar procedure to that described in Example 62 

except using propargyl alcohol instead of iV,N-dimethylpropargylamine 
the title compound was prepared as a yellow solid. ] H NMR (360 MHz, 
DMSO-ds) 5 12.44 (1H, br s), 8.59 (1H, s), 8.13 (2H, d, J 9.0 Hz), 7.54 (4H, 
s), 7.42 (2H, d, J 9.0 Hz), 5.38 (1H, t, J 6.0 Hz), 4.35 (2H, d, J 5.6 Hz), 2.26 

20 (3H, s); MS (ES + ) m/z 390/392 [MH]\ 



EXAMPLE 69 



7-r4-(6'Azabenzimidazol-2-vl)phenvn-2-(4-chlorophenvl)-2.5-dihvdro>6- 

25 methvlpvrazolof4,3-clpvridin-3-one di(hvdrochloride) 

The product of Example 60 was dissolved in dry dimethylsulfoxide 
(4 ml), and dry triethylamine (2.6 ml) added. To this mixture was added 
slowly with stirring pyridine-sulfur teioxide complex (0.50 g). After 
stirring for an additional 0.5 hours the reaction mixture was purified by 

30 flash chromatography (silica gel, eluent 5% methanol/dichloromethane) to 
yield 0.133 g (97%) of the benzaldehyde (also prepared in Example 56a). 
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To the benzaldehyde (0.015 g) and 3,4-diaminopyridine (0.005 g) 
was added dry N-dimethylformamide (1 ml), and the mixture was 
heated in air at 140°C for 30 hours. After removal of the N,N- 
dimethylformamide at reduced pressure, the residue was purified by 
5 preparative thin layer chromatography (silica gel, eluent 10% 

methanol/dichloromethane). The resulting product was exposed to 
methanolic hydrogen chloride, and evaporated to afford the title 
compound; W NMR (500 MHz, DMSO-dc) 9.50 (1H, s), 8.63 (2H, m), 8.45 
(2H, m), 8.21 (1H, m), 8.14 (2H, m), 7.85 (2H, m), 7.43 (2H, m), 2.34 (3H, 
10 s); MS (ES+) m /z 453/455 [MH] + . 

EXAMPLE 70 

7-(2-Acetvl-2.3.4.9-tet^ 

15 chlorophenvD^^S-dihvdro-e-methvIpvrazolo^^-clnvridin-S-one 

To tin(II) chloride (0.475 g) was added water (0.5 ml), 10 M aqueous 
hydrochloric acid (0.5 ml) and methanol (7 ml). The mixture was cooled to 
-15°C and the product of Example 61a (0.260 g, 0.375 mmol) was added 
slowly portionwise with stirring over 0.25 hours. After stirring for an 

20 additional 0.5 hours, l-acetyl-4-piperidone (0.100 ml) was added, followed 
by pyridine (2 ml), and the mixture was allowed to warm to room 
temperature. On dilution with water (50 ml) the yellow precipitate was 
recovered by filtration, washed with water, then diethyl ether, and dried 
in vacuo at 50°C. The crude hydrazone thus obtained was dissolved in dry 

25 pyridine (3 ml), and pyridinium tosylate (0.132 g) added. This mixture 
was heated at reflux under nitrogen for 6 days. After removal of the 
pyridine at reduced pressure, the residue was partitioned between 
.. r aqueous NaHC03 and 10% methanol/ dichloromethane. The organic 
extracts were evaporated and the residue was purified by flash 

30 chromatography (silica gel, eluent 6-10% methanol/ dichloromethane) to 
yield the title compound, after crystallisation from hot methanol; J H NMR 
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(360 MHz, DMSO-cfc) 5 12.43 (1H, br d), 11.05 (1H, br d), 8.54 (1H, m), 
8.11 (2H. m), 7.52 (1H, m), 7.39 (3H, m), 7.15 (1H, m), 4.65 (2H, br d), 3.86 
(1H, m), 3.79 (1H, m), 2.90 (1H, m), 2.79 (1H, m), 2.26 (3H, s), 1.98 + 1.93 
(3H, rotamers 1:1); MS (ES + ) m/z 472/474 [MH] + . 

EXAMPLE 71 

2-(4-Chlorophenvl)>7>(2-ethvl-2,3,4 t 9-tetrahvdro-lH-pvridor3.4-61indol>6> 
vl)-2,5-dihvdro-6-methvlpvrazolof4 < 3-clpvridin-3-one 

By the method of Example 70, reaction with l-ethyl-4-piperidone 
gave the title compound, after crystallisation from hot methanol/ethyl 
acetate; W NMR (500 MHz, DMSO-A?) 5 12.35 (1H, br), 10.91 (1H, br s), 
8.54 (1H, s), 8.11 (2H, m), 7.40 (4H, m), 7.11 (1H, m), 3.60 (2H, br s), 2.82 
(4H, br s), 2.62 (2H, br s), 2.25 (3H, s), 1.13 (3H, m); MS (ES + ) m/z 
458/460 [MH] + . 

EXAMPLE 72 

2-(4-Chlorophenvl)-2 < 5>dihvdro-7-[2-(dimethvlaminomethvl)indol-5-vn-6- 
methylpvrazolo[4,3-c1pyridin-3-one 

a) 7-(4'Amino-3-bromophenvl)-2-(4-chlorophenvl)-2 < 5-dihvdro-6" 
methylpvrazolo[4,3-clpyridin-3-one 

To 7-(4-aminophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazoio[4,3-c]pyridin-3-one (2.0 g, 5.7 mmol) and solid sodium 
hydrogen carbonate (2.0 g, 23.8 mmol), under nitrogen, was added dry 
AT,N-dimethylformamide (20 ml). To the stirred mixture was added 
bromine (0.35 ml, 6.8 mmol) dropwise. After stirring for an additional 0.7 
hours, ethyl acetate (50 ml) and water (50 ml) was added. The organic 
extracts were dried (Na2SO^), evaporated and the residue triturated with 
diethyl ether to afford the title compound as an orange solid (2.2 g, 90%). 
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b) 7-[4-Amino-3'(3-dimethviaminoproP"l-vn-l-vl)phenvl1-2-(4' 
chlorophenvn^^S-dihvdro^-methvlpvrazolo^^-clpyridin-S-one 

To the product of Example 72a (0.401 g, 0.93 mmol) and copper(I) 
5 iodide (0.005 g), under nitrogen, was added dry piperidine (5 ml) and dry 
A^N-dimethylformamide (10 ml), followed by N,N- 
dimethylpropargylamine (0.30 ml), and 

tetrakis(triphenylphosphine)palladium(0) (0.020 g). The mixture was 
then heated at 100°C for 24 hours. A further portion of 

10 AT,Af-dimethylpropargylamine (0.30 ml) was then added and heating 

continued for a further 48 hours. The mixture was then allowed to cool to 
room temperature, the solvent was removed at reduced pressure, and the 
residue was purified by flash chromatography (silica gel, eluent 10% 
methanol/dichloromethane) to yield 0.28 g (70%) of the title compound, 

15 after recrystallisation from hot ethyl acetate, as a yellow solid; J H NMR 
(360 MHz, DMSO-dc) 5 12.40 (1H, br s), 8.50 (1H, br s), 8.14 (2H, m), 7.42 
(2H, m), 7.35 (1H, m), 7.26 (1H, m), 6.83 (1H, d, J 8.5 Hz), 5.74 (2H 3 br s), 
4.17 (2H, s), 2.76 (6H, s), 2.27 (3H, s); MS (ES + ) m/z 432/434 [MH] + . 

20 c) 2>(4-Chlorophenvl)-2 t 5'dihvdro-6-methvl-7-r4-trifluoroacetamido-3-(3- 
dimethvlaminoprop-l-vn-l>vl)phenvl]pvrazolof4 < 3-c1pvridin-3'One 

To the product of Example 72b (0.535 g, 1.24 mmol) in dry pyridine 
(10 ml) at 4°C was added trifluoroacetic anhydride (1.0 ml). The mixture 
was then stirred at room temperature for 1 hour. The solvent was 

25 removed at reduced pressure, and the residue was partitioned between 

dichloromethane and aqueous NaHCC>3. The organic layer was separated, 
evaporated, and the residue purified by flash chromatography (silica gel, 
eluent 10% methanol/dichloromethane) to yield 0.39 g (60%) of the title 
compound. MS (ES + ) m/z 528/530 [MH] + . 



30 



WO 99/48892 gg PCT/GB99/00803 

d) 2-(4-Chlorophenvl)-2,5-dihvdro-742>(dimethvlaminomethvl)indol-5-vIl- 

6- methylpvrazolof4,3-clpyridin-3-one 

To the product of Example 72c (0.361 g, 0.68 mmol) and copper(I) 
iodide (0.361 g), under nitrogen, was added dry iV-dimethylformamide 
5 (15 ml). The mixture was then heated at 105°C for 2 hours. The mixture 
was then allowed to cool to room temperature, diluted with 10% methanol/ 
dichloromethane (50 ml), filtered, and the filtrate washed with aqueous 
ammonium hydroxide, brine, and then the organic extracts were 
evaporated at reduced pressure. The residue was purified by flash 

10 chromatography (alumina grade III, eluent 5% 

methanol/dichloromethane) to yield 0.206 g (70%) of the title compound, 
after recrystallisation from hot ethyl acetate, as a yellow solid; l H NMR 
(360 MHz, DMSO-de) 5 12.38 (1H, br s) 5 11.13 (1H, br s), 8.53 (1H, s), 8.12 
(2H, m), 7.55 (1H, br s), 7.40 (3H, m), 7.13 (1H, m), 6.31 (1H, m), 3.57 (2H, 

15 s), 2.26 (3H, s), 2.22 (6H, s); MS (ES + ) m/z 432/434 [MH] + . 

EXAMPLE 73 

7- (Benzimidazol-5>vl)-2-(4-chlorophenvl)'2,5'dihvdro-6- 
20 methvlpyrazolof4,3-c]pvridin'3-one 

a) Ethyl 3>(4-acetamidophenvl)-4-chloro-2-methvl-5'Pvridinecarboxvlate 
To a mixture of copper(II) acetylacetone (0.122 g) and ethanol (24 
ml) was added sodium borohydride (0.18 g), followed by the product of 

25 Example 40b (0.508 g, 1.58 mmol). The reaction mixture was warmed 
briefly until homogeneous, and then stirred for 1 hour at room 
temperature. The mixture was then filtered, and the filtrate evaporated 
at reduced pressure. The residue was treated with ,30% ethyl acetate in 
dichloromethane, filtered, and evaporated. The residue was dissolved in 

30 dry pyridine (5 ml), cooled to 4°C under nitrogen and acetyl chloride (0.22 
ml) added. The mixture was warmed to room temperature, stirred for 0.25 
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hour, the solvent evaporated at reduced pressure, and the residue was 
partitioned between dichloromethane and aqueous NaHCC>3. The organic 
layer was separated, dried (Na2SO^), and evaporated, to yield 0.441 g of 
the title compound. MS (ES + ) m/z 333/335 [MH] + . 

5 

b) Ethyl S'^-acetamido-S-nitrophenvD^'Chloro^-methvI-S- 
pyridinecarboxylate 

To the product of Example 73a (0.441 g) was added sulfolane (3 ml) 
and dichloromethane (2 ml). The mixture was cooled to 4°C under 

10 nitrogen and nitronium fluoroborate (0.250 g) added. The mixture was 
warmed to room temperature, stirred for 18 hours, then diluted with 
aqueous NaHC03, and extracted with dichloromethane (50 ml), then ethyl 
acetate (50 ml). The combined organic layers were dried (Na2S04), and 
evaporated, and the residue was purified by flash chromatography (silica 

15 gel, eluent 25% ethyl acetate/dichloromethane) to yield the title 
compound. MS (ES + ) m/z 378/380 [MH] + . 

c) 7-(4-Acetamido>3-nitroT)henvl)-2-(4-chlorophenvl)-2,5-dihvdro-6- 
methvlpvrazolof4 < 3-c1pvridin-3-one 

20 The product from Example 73b and 4-chlorophenylhydrazine 

hydrochloride (0.35 g) in anhydrous 1-butanol (18 ml) was stirred at reflux 
under nitrogen for 7 hours. The mixture was then allowed to cool to room 
temperature, solvent evaporated, and the residue boiled with ethyl acetate 
(25 ml). The solid was then collected by filtration, and dried in vacuo to 

25 give 0.249 g of the title compound; MS (ES + ) m/z 396/398 [MH] + . 

d) 7"(Benzimidazol-5-vl)-2-(4-chlorophenvl)-2.5-dihvdro-6- 
methvlpyrazolof4,3-c|pvridin-3-one 

To the product of Example 73c and copper(II) acetylacetone (0.0225 
30 g) in ethanol (4.5 ml) was added sodium borohydride (0.033 g). The 

reaction mixture was warmed briefly until homogeneous, and then stirred 
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for 1 hour at room temperature. Formic acid (1 ml of 90%) and trimethyl 
orthoformate (5 ml) were added, and stirring continued for a further 1 
hour at room temperature. The mixture was then filtered, and the filtrate 
evaporated at reduced pressure. The residue was treated with 20% 
5 methanol in trimethyl orthoformate (20 ml), and heated at reflux for 18 
hours. The solvent was evaporated at reduced pressure, and the residue 
was chromatographed (alumina grade III, eluent 3%-20% 
methanol/dichloromethane; then silica, eluent 1% NH 4 OH/7% 
methanol/dichloromethane) to yield 0.010 g of the title compound, after 
10 recrystallisation from hot 10% methanol/dichloromethane/ ethyl acetate, 
as a yellow solid; *H NMR (500 MHz, DMSO-dc) 5 8.58 (1H, m), 8.42 (1H, 
br s), 8.11 (2H, d, J 9 Hz), 7.75 (1H, br s), 7.72 (1H, d, J 8 Hz), 7.40 (2H, d, 
J 9 Hz), 7.35 (1H, m), 2.27 (3H, s); MS (ES + ) m/z 476/478 [MH] + . 

15 EXAMPLE 74 

2-(4-Chlorophenvl)'2.5>dihvdro-6-methvI-7>[4-(4-(morpholin>4>vlmethvl)- 
l,2,3-triazoI-5-vl)phenvllpvrazolor4,3-c1pvridin>3'One 

20 a) 2-(4-Chlorophenvn-7-[4-(3-chloroprop-l-vn-l-vnphenvn-2.5-dihvdro-6- 
methvlpvrazolo[4,3-c1pvridin-3-one 

To a solution of the product of Example 68 (0.6 g, 1.5 mmol), 2,6- 
lutidine (0.72 ml, 6.2 mmol) and lithium chloride (0.262 g, 6.2 mmol) in 
N, N-dimethylformamide (6 ml) at 0°C was added methanesulphonyl 

25 chloride (0.36 ml, 4.6 mmol) dropwise and the solution allowed to warm to 
ambient temperature with stirring for 7 hours. The solvent was removed 
in vacuo and the crude product purified by flash chromatography (silica 
gel, 5% MeOH/CH 2 Cl 2 ) to give the product as a yellow solid (0.463 g, 74%). 
m NMR (360 MHz, DMSO-d*) 5 12.49 (1H, br s), 8.59 (1H, s), 8.13 (2H, d, 

30 J 9.0 Hz), 7.59 (4H, m), 7.41 (2H, d, J 9.0 Hz), 4.75 (2H, s), 2.26 (3H, s); 
MS (ES + ) m/z 408/410/412 [MH] + . 
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b) 2-(4-Chlorophenvl)-2,5-dihyd^ 
L2 1 3-triazol-5-vl)phenvl]pvrazolof4,3'c1pvridin-3-one 

To the product of Example 74a (0.2 g, 0.98 mmol) in 
5 dimethylsulphoxide (4 ml) was added sodium azide (0.075 g, 1.15 mmol) 
and the mixture stirred for 4 hours. Morpholine (0.25 ml) was added and 
the temperature raised to 110°C for 8 hours. The solvent was removed m 
vacuo and the crude product recrystallised from 

MeOH/CH 2 Cl2/CH 3 C02C2H5 to give the product as a yellow solid (0.157 g. 
10 63%). m NMR (360 MHz, DMSO-dc) 5 8.81 (1H, s), 8.43 (2H, d, J 8.3 Hz), 
8.27 (2H, d, c/8.4 Hz), 7.89 (2H, d, J 8.3 Hz), 7.67 (2H, d, J 8.3 Hz), 4.00 
(2H, s), 3.86 (4H, m), 2.73 (4H, m), 2.57 (3H, s); MS (ES + ) m/z 503/505 
[MH] + . 

15 EXAMPLE 75 

2-(4-Chlorophenvl)-2,5-dihydro-6-methvl-7-f4-(4-(morphoIin-4-methvl)- 
l,2,3-triazol-5-vl)phenvllpvrazolor4,3-c1pvridin-3-one 

Following a similar procedure to that described in Example 74 
20 except using 1-methylpiperazine instead of morpholine the title compound 
was prepared as a yellow solid. W NMR (360 MHz, DMSO-d<?) 5 8.66 (1H, 
s), 8.33 (2H, d, J 9.35 Hz), 8.18 (2H, d, J 9.4 Hz), 7.77 (2H, d, J 9.4 Hz), 
7.57 (2H, d, J 9.0 Hz), 3.87 (2H, s), 2.63 (4H, m), 2.47 (7H, m), 2.31 (3H, s); 
MS (ES + ) m/z 515/517 [MH] + . 



25 



EXAMPLE 76 



2-(4-ChlorophenvlV2.5-dihvdro-6-methvl-7-f4-(2-(pyridin-2>vl)eth-l-vn-l- 
yl)phenvl1pyrazolor4,3-c1pvridin-3-one 
30 To a degassed solution of the product of Example 61b (0.3 g, 0.65 * 

mmol), copper iodide (0.001 g) and 2-ethynylpyridine (0.12 ml) in 
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piperidine (5 ml) was added tetrakis(triphenylphosphine)palladium(0) 
(0.008 g, 6.3 umol) and the solution heated at 80°C for 12 hours. The 
solvent was removed in vacuo and the crude product purified by flash 
chromatography (silica gel, 5% MeOH/Cf^Ck) to give a solid which was 
5 recrystallised from MeOH/CEbCk/CHaCChCaHs to give a yellow solid 
(0.213 g, 75%). 

iH NMR (360 MHz, DMSO-ck) 5 12.52 (1H, d, J 6.2 Hz), 8.61 (1H, d, J 3. 1 
Hz), 8.59 (1H, d, J 5.9 Hz), 8.14 (2H, d, J 8.9 Hz), 7.90 (1H, m), 7.74 (5H, 
m), 7.41 (3H, m), 2.29 (3H, s); MS (ES + ) m/z 437/439 [MH] + . 

10 

EXAMPLE 77 

2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r4-(2-(pyridin-2- 
vl)ethvl)phenvllpyrazolor4,3-c]pvridin-3-one 

15 To a solution of the product of Example 76 (0. 1 g, 0.22 mmol) in 

methanol (10 ml) was added palladium on charcoal (0.010 g, 10% Pd) and 
the mixture stirred vigorously under an atmosphere of hydrogen for 5 
hours. The catalyst was filtered off, and the crude product purified by 
prep TLC (silica, 5% MeOH/CH2Cl2) to give the product as a yellow solid 

20 (0.065 g, 74%). m NMR (360 MHz, DMSO-de) 5 12.43 (1H, br s), 8.53 (2H, 
m), 8.12 (2H, d, J 8.9 Hz), 7.70 (1H, m), 7.37 (7H, m), 7.20 (lH,m), 3.08 
(4H, m), 2.25 (3H, s); MS (ES + ) m/z 441/439 [MH] + , 221/222 [(M+2H)/2] + . 
Anal, found: C, 68.02; H, 4.92; N, 12.14. C 2 eH2iClN 4 O.H 2 0 requires: C, 
68.04; H, 5.05; N, 12.21%. 

25 

EXAMPLE 78 

2-(4-ChIorophenvl)-2,5-dihvdro-6-methvl-7-[4-(l-methylimidazol-2- ,, 
yl)phenvn-pvrazolor4,3-clpyridin-3-one 
30 Following a similar procedure to that described in Example 64a, 

except using 1-methylimidazole instead of N- 
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(trimethylsilyloxyethoxymethyl)-imidazole, the title compound was 
prepared as a yellow solid. »H NMR (360 MHz, DMSO-dc) 8 12.51 (1H, br 
s), 8.59 (1H, s), 8.14 (2H, d, J 8.9 Hz), 7.82 (2H, d, J 8.3 Hz), 7.63 (2H, d, J 
8.3 Hz), 7.41 (2H, d, J 8.9 Hz), 7.32 (1H, s), 7.06 (1H, s), 3.83 (3H, s), 2.09 
5 (3H, s); MS (ES + ) m/z 416/418 [MH] + . 

EXAMPLE 79 

2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r4-(1.2,4-triazol-3-vl)phenvll- 
10 pvrazolof4.3-clpvridin-3-one 

a) 2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r4-(l- 
(trimethvlsilvloxvethoxv-methvl)-1.2.4-triazol-3-vl)phenvnpyrazolof4,3- 
clpyridin-3-one 

15 Following a similar procedure to that described in Example 64a, 

except using l-(trimethylsilyloxyethoxymethyl)-l,2,4-triazole instead of N- 
(trimethylsilyloxyethoxymethyl)imidazole, the title compound was 
prepared as a yellow solid. 'H NMR (360 MHz, DMSO-dc) 6 12.56 (1H, br 
s), 8.63 (1H, s), 8.20 (3H, m), 8.05 (2H, d, J 8.3 Hz), 7.78 (2H, d, J 8.3 Hz), 

20 7.46 (2H, d, J 9.0 Hz), 5.70 (2H, s), 3.77 (2H, t, J 7.8 Hz), 2.35 (3H, s), 0.95 
(2H, t, J 7.8 Hz), 0.00 (9H, s); MS (ES + ) m/z 533/535 [MH] + . 

b) 2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r4-(1.2.4-triazol-3-vl)phenvll- 
pyrazolof4,3-c1pyridin-3-one 

25 Following a similar procedure to that described in Example 64b, 

except using the product of Example 79a instead of the product of 
Example 64a, the title compound was prepared as a yellow solid. 'H NMR 
(360 MHz, DMSO-dc) 5 14,31 (1H, br s), 12.59 (1H, br s), 8.60 (1H, s), 8.40 
(1H, br s), 8.15 (4H, m), 7.67 (2H, d, J 8.3 Hz), 7.41 (2H, d, J 9.4 Hz), 2.31 

30 (3H, s); MS (ES + ) m/z 403/405 [MH] + . 
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EXAMPLE 80 

2-(4-ChlorophenvD-2,5-dihv^ 
en-3-vl)phenvl1pvrazolof4 < 3-c1pvridin-3-one 

5 

a) 7>[4>(8^er^>Butoxvcarbonvl-l>oxa-8-azaspiro[4.51deC'3-en-3'Vl)phenvl]- 

2- (4-chlorophenvl)>2,5-dihvdro-6-methvlpvrazolof4 < 3>clpyridin-3"One 

To a degassed solution of the product of Example 61b (0.3 g, 0.65 
mmol) and 3-tributylstannyl-l-oxa-8-azaspiro[4.5]dec-3-ene-8-carboxylic 

10 acid ter£-butyl ester (0.515 g, 0.98 mmol) in N,N-dimethylformamide (5 
ml) was added tetrakis(triphenylphosphine)palladium(0) (0.037 g, 32 
^imol) and the mixture heated at 80°C for 18 hours. The solvent was 
removed in vacuo and the crude product purified by flash chromatography 
(silica gel, 5% MeOH/CH 2 Cl 2 ) to give a yellow solid (0.265 g, 71 %). MS 

15 (ES + ) m/z 573/575 [MH] + . 

b) 2-(4-Chlorophenvl)-2,5-dihvdro-6-methvl-7-f4-(l-oxa-8-azaspiror4.51dec- 

3- en-3-vl)phenvl1pyrazolof4,3-c1pvridin-3-one 

To a suspension of the product of Example 80a (0.1 g, 0.17 mmol) in 
20 CH2CI2 (10 ml) at 0°C was added trifluoroacetic acid (2 ml). After stirring 
for 1 hour the solvent was removed in vacuo and the crude product 
purified by prep TLC (silica, 10% MeOH/CtbCh) to give the product as a 
yellow solid (0.058 g, 74%). *H NMR (360 MHz, DMSO-d<?) 5 12.59 (1H, br 
s), 8.60 (2H, br s), 8.12 (2H, d, J 8.9 Hz), 7.55 (4H, s), 7.41 (2H, d, J 9.0 
25 Hz), 6.64 (1H, s), 5.03 (2H, s), 3.15 (4H, m), 2.27 (3H, s), 1.95 (2H, m), 1.80 
(2H, m); MS (ES + ) m/z 403/405 [MH] + . 

EXAMPLE 81 

30 7-Bromo>2-(4-chIorophenvl)-2.5'dihvdro-6-methvlpvrazolor4 < 3-c1pvridin-3' 
one 
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a) 3-Bromo-l,4-dihvdro-2-methvl-4-oxo-5-pyridinecarboxvlic acid 

To 6-methyl-4-(l#)-pyridone-3-carboxylic acid (prepared according 
to the procedure described in J. Org. Chem., 1972, 37, 1145-1148) (10.0 g, 
5 65.4 mmol) and dry pyridine (5.2 ml) in acetic acid (200 ml) at 100°C was 
added bromine (14.6 g, 91.5 mmol) in acetic acid (30 ml) dropwise over 1 
hour. Heating was continued for 2 hours then cooled to room temperature. 
The precipitate which formed on cooling was collected by filtration, and 
washed with methanol to give the product as a cream coloured solid (10.62 
10 g, 70%). l H NMR (250 MHz, DMSO-cfo) 5 14.75 (1H, br s), 13.45 (1H, br s), 
8.58 (1H, s), 2.53 (3H, s); MS (ES + ) m/z 232/234 [MH] + , 214/216 [(M- 
(H 2 0))H] + . 

b) Methyl 3-bromo-4-chloro-2-methvI-5-pyridinecarboxvlate 

15 To the product of Example 81a (13.5 g, 58.1 mmol) was added 

phosphorus oxychloride (150 ml), and the mixture was heated at 60°C for 
3 hours under an atmosphere of dry nitrogen. The volatiles were removed 
in vacuo and the residue was azeotroped with toluene. The residue was 
diluted with CH2CI2 (100 ml), cooled in an ice bath, methanol (15 ml) was 

20 added dropwise and the solution allowed to warm to ambient temperature 
over 1 hour. The residue was cooled in an ice bath, and quenched by 
cautious addition of saturated aqueous NaHC03. The aqueous layer was 
extracted with CH2CI2 (3 x 100 ml), and the combined organic extracts 
were dried (Na2SC>4) and evaporated in vacuo to give the product as a 

25 cream coloured solid which was dried under high vacuum at 60°C for 18 

hours (14.8 g, 96%). *H NMR (250 MHz, CDCb) 5 9.08 (1H, s), 4.18 (3H, s), 
3.12 (3H, s); MS (ES + ) m/z 264/266/268 [MH] + . 
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c) 7-Bromo-2>(4'ChlorophenvI)-2 t 5'dihvdro-6-methvlpvrazolof4,3-clpvridin- 
3-one 

Following a similar procedure to that described in Example 49c, 
except using the product of Example 81b instead of the product of 
5 Example 49b, the title compound was prepared as a yellow solid. l H NMR 
(360 MHz, DMSO-d<?) 5 12.77 (1H, br s), 8.60 (1H, s), 8.22 (2H, d, J 9.0 
Hz), 7.96 (2H, d, J 9.0 Hz), 2.48 (3H, s); MS (ES + ) m/z 338/340/342 [MH] + . 
Anal, found: C, 46.39; H, 2.49; N, 12.23. Ci3H 9 BrClN 3 0 requires: C, 46.12; 
H, 2.68; N, 12.41%. 

10 

EXAMPLE 82 

2'(4-Chlorophenvl)-2,5'dihvdro-7-iodo-6-methvlpyrazolor4 < 3-clpvridin'3> 
one 

15 

a) l,4-Dihvdro-3-iodo-2-methvl-4-oxo-5-pyridinecarboxvlic acid 

To 6-methyl-4-(li7)-pyridone-3-carboxylic acid (prepared according v 
to the procedure described in J. Org. Chem., 1972, 37, 1145-1148) (10.0 g, 
65.4 mmol) and calcium carbonate (6.55 g, 65.4 mmol) in N,N- 
20 dimethylformamide (100 ml) was added iodine monochloride (21.2 g, 130.8 
mmol) in 

N,Af-dimethylformamide (20 ml). After 6 hours sodium bisulfite solution 
(30 ml) was added and the solution poured into ice water (500 ml). The 
precipitate was collected by filtration washing with water and methanol to 
25 give a cream coloured solid (15.7 g, 86%). 'H NMR (250 MHz, DMSO-d<?) 8 
15.42 (1H, br s), 13.33 (1H, br s), 8.50 (1H, s), 2.60 (3H, s); MS (ES + ) m/z 
280 [MH] + . 



30 



b) Methyl 4-chloro-3-iodo>2-methvl-5-pvridinecarboxvlate 

To phosphorus oxychloride (60 ml) at 95°C was added the product of 
Example 82a (5.0 g, 58.1 mmol).in one portion and the mixture was heated 
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at 60°C for 35 minutes under an atmosphere of dry nitrogen. The volatiles 
were removed in vacuo and the residue was azeotroped with toluene. The 
residue was diluted with CH2CI2 (100 ml), cooled in an ice bath, methanol 
(8 ml) was added dropwise and the solution allowed to warm to ambient 
5 temperature over 1 hour. The residue was cooled in an ice bath, and 
quenched by cautious addition of saturated aqueous NaHCCb. The 
aqueous layer was extracted with CH2CI2 (3 x 100 ml), and the combined 
organic extracts were dried (Na2SC>4) and evaporated. The crude product 
was purified by flash chromatography (silica gel, CH2CI2 followed by 10% 
10 CH3CO2C2H5/CH2CI2) to give a cream coloured solid (4.67 g, 84 %). *H 

NMR (360 MHz, CDCI3) 5 8.78 (1H, s), 3.96 (3H, s), 2.91 (3H, s); MS (ES + ) 
m/z 312/314 [MH] + . 



c) 2-(4-Chlorophenvl)-2 < 5-dihvdro-7-iodo-6-methvlpyrazolor4 t 3-c1pvridin-3- 
15 one 

Following a similar procedure to that described in Example 49c, 
except using the product of Example 82b instead of the product of 
Example 49b, the title compound was prepared as a yellow solid. J H NMR 
(360 MHz, DMSO-dc) 5 12.66 (1H, br s), 8.54 (1H, s), 8.23 (2H, d, J 9.0 
20 Hz), 7.48 (2H, d, J 9.0 Hz), 2.54 (3H, s); MS (ES + ) m/z 386/388 [MH] + . 

Anal found: C, 40.73; H, 2.21; N, 10.66. C13H9CIIN3O requires: C, 40.49; 
H, 2.35; N, 10.90%. 



EXAMPLE 83 

25 

2'(4'Chlorophenvl)-2,5>dihvdro-7-(2"ethoxvcarbonvlethenvl)-6-methyl- 
pyrazolo[4,3-c1pyridin-3-one 

To a degassed solution of the product of Example 81c (0.15 g, 0.44 
mmol), ethyl acrylate (0.14 ml, 1.3 mmol) and triethylamine (0.19 ml, 1.3 
30 mmol) in N,N-dimethylformamide (4 ml) in an ACE® pressure tube was 

added tri-o-tolylphosphine (0.004 g) and palladium acetate (0.001 g). The 
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tube was flushed with nitrogen, sealed and heated at 100°C for 18 hours. 
The solvent was removed in vacuo and the crude product was purified by 
flash chromatography (silica gel, 5% MeOH/CHkCh) to give the product as 
a red solid (0.082 g, 52%). *H NMR (360 MHz, DMSO-d*) 5 12.69 (1H, br 
s), 8.54 (1H, s), 8.19 (2H, d, J 8.9 Hz), 7.73 (1H, d, J 15.4 Hz), 7.54 (2H, d, 
J 8.9 Hz), 7.49 (1H, d, J 15.4 Hz), 4.23 (2H, q, J 7.1 Hz), 2.57 (3H, s), 1.29 
(3H, t, J 7.1 Hz); MS (ES + ) m/z 358/360 [MH] + . Anal, found: C, 58.72; H, 
4.67; N, 11.25. C18H1GCIN3O3.O.5H2O requires: C, 58.94; H, 4.67; N, 
11.45%. . 

EXAMPLE 84 



7>(2-Carboxamidoethenvl)-2-(4-chlorophenyl)-2 < 5-dihvdro>6- 
methvlpyrazolor4,3-c1pvridin-3-one 

15 Ammonia gas was bubbled through a suspension of the product of 

Example 83 (0.06 g, 0.17 mmol) in methanol (5 ml) in an ACE® pressure 
tube at 0°C for 30 minutes. The tube was then sealed and heated at 
100°C for 48 hours. The solvent was removed in vacuo and the crude 
product was purified by flash chromatography (silica gel, 10% 

20 MeOH/CH 2 Cl 2 ) to give the product as an orange solid (0.023 g, 42%). ! H 
NMR (360 MHz, DMSO-de) 6 12.57 (1H, br s), 8.50 (1H, s), 8.38 (2H, d, J 
9.0 Hz), 7.85 (1H, s), 7.64 (1H, d, J 15.4 Hz), 7.57 (1H, d, J 15.4 Hz), 7.46 
(2H, d, J 9.0 Hz), 2.54 (3H, s); MS (ES + ) m/z 329/331 [MH] + . 

25 EXAMPLE 85 

2-(4-Chlorophenvl)-2,5-dihvdro-6-methvl>7-[2-(pyridin-4>vl)ethenvl1- 
i)V r razoIof4 < 3-c1pvridin-3-one 

Following a similar procedure to that described in Example 83, 
30 except using 4-vinylpyridine instead of ethyl acrylate, the title compound 
was prepared as an orange solid. *H NMR (360 MHz, DMSO-d*) 5 12.57 
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(1H, br s), 8.59 (2H, d, J 5.4 Hz), 8.49 (1H, s), 8.32 (3H, m), 7.66 (3H, m), 
7.51 (2H, d, J 8.9 Hz), 2.62 (3H, s); MS (ES + ) m/z 363/365 [MH] + . 

EXAMPLE 86 

5 

7-Benzvl-2-(4-chlorophenvl)-2,5-dihvdro-6-methvIpyrazoIo[4,3-c1pvridin-3- 
one 

To a degassed solution of the product of Example 82c (0.091 g, 0.24 
mmol) and benzyltributylstannane (0.18 g, 0.47 mmol) in 

10 iV.iV-dimethylformamide (2 ml) was added tetrakis(triphenylphosphine)- 
palladium(O) (0.27 g, 0.02 mmol) and the solution heated at 120°C for 24 
hours. The solvent was removed in vacuo and the crude product was 
purified by flash chromatography (silica gel, 3% MeOH/CH2Cl2) to give the 
product as a yellow solid (0.029 g, 35%). >H NMR (360 MHz, DMSO-de) 5 

15 12.29 (1H, br s), 8.48 (1H, s), 8.25 (2H, d, J 9.0 Hz), 7.47 (2H, d, J 9.0 Hz), 
7.34 (2H, m), 7.26 (2H, m), 7.16 (1H, m), 4.04 (2H, s), 2.34 (3H, s); MS 
(ES + ) m/z 350/352 [MH] + . 

EXAMPLE 87 

20 

2-(4-Chlorophenvn-2.5-dihvdro-6-methvl-7-f2-(pyridin-4- 
vl)ethvl]pvrazolof4.3-c1pyridin-3-one 

Following a similar procedure to that described in Example 77, 
except using the product of Example 85 instead of the product of Example 
25 76, the title compound was prepared as a pale yellow solid. *H NMR (360 
MHz, DMSO-dc) 5 12.17 (1H, br s), 8.45 (3H, m), 8.25 (2H, d, J 9.0 Hz), 
7.47 (2H, d, J 9.0 Hz), 7.25 (2H, d, J 5.9 Hz), 2.98 (2H, s), 2.18 (3H, s); MS 
(ES + ) m/z 365/367 [MH] + . 
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EXAMPLE 88 

7>(2-Carboxamidoethvl)-2-(4-chloror)henvl)-2 < 5-dihvdro-G- 
methvlpyrazok^S-clpvridin-S-one 
5 To a solution of the product of Example 84 (0.1 g, 0.3 mmol) in 

butanol (8 ml) was added platinum oxide (0.01 g, 44 (amol) and the 
mixture stirred vigorously under an atmosphere of hydrogen for 4 hours. 
The solvent was removed in vacuo and the crude product recystallised 
from CH3CO2C2H5/ MeOH/CH2Cl2 to give the product as a yellow solid 
10 (0.061 g, 61%). l H NMR (360 MHz, DMSO-ds) 5 12.20 (1H, br s), 8.44 (1H, 
s), 8.25 (2H, d, J 9.0 Hz), 7.46 (2H, d, J 9.0 Hz), 7.30 (1H, br s), 6.76 (1H, 
br s), 2.86 (2H, t, J 7.3 Hz), 2.47 (2H, t, J 7.3 Hz), 2.37 (3H, s); MS (ES+) 
m/z 331/333 [MH] + . 

15 EXAMPLE 89 

2-(4-Chlorophenvl)-2 < 5>dihvdro-6>methvI-7-[2-(pvridin-2>vl)ethenvl1- 
pyrazolor4.3-c1pvridin-3-one 

Following a similar procedure to that described in Example 83, 

20 except using 2-vinylpyridine instead of ethyl acrylate, the title compound 
was prepared as an orange/red coloured solid. *H NMR (360 MHz, DMSO- 
de) 5 12.57 (1H, br s), 8.61 (2H, d, J 5.4 Hz), 8.49 (1H, s), 8.32 (3H, m), 
7.82 (3H, m), 7.63 (1H, d, J 7.8 Hz), 7.53 (2H, d, J 8.9 Hz), 7.28 (1H, m), 
2.60 (3H, s); MS (ES + ) m/z 363/365 [MH] + . Anal, found: C, 64.63; H, 3.81; 

25 N, 14.86. C 2 oHi5ClN 4 0.0.4H 2 0 requires: C, 64.91; H, 4.30; N, 15.14%. 

EXAMPLE 90 

2'(4-Chlorophenvl)>2 t 5>dihvdro>7"(3-dimethvlaminoprop-l-vnvl)-6-methvl- 
30 pyrazok^S-clpyridin-S-one 
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To a degassed solution of the product of Example 82c (0.25 g, 0.64 
mmol) and N,iV-dimethylpropargylamine (0.11 ml, 1.0 mmol) in piperidine 
(4 ml) was added copper(I) iodide (0.0012 g, 6.5 ^imol), tri(2- 
furyl)phosphine (0.03 g, 0.4 mmol) and 
5 tris(dibenzylideneacetone)dipalladium(0) (0.03 g, 30 ^imol), and the 

mixture heated at 100°C for 18 hours. The solvent was removed in vacuo 
and the crude product purified by flash chromatography (silica gel, 5% 
MeOH/CH 2 Cl 2 ). Recrystallisation from MeOH/CH 2 Cl2/ CH3CO2C2H5 
afforded the title compound as a yellow/orange solid (0.089 g, 40.3%). ! H 
10 NMR (360 MHz, DMSO-dc) 5 12.53 (1H, br s), 8.52 (1H, s), 8.21 (2H, d, J 
8.9 Hz), 7.47 (2H, d, J 8.9 Hz), 3.66 (2H, s), 2.49 (3H, s), 2.36 (6H, s); MS 
(ES + ) m/z 341/343 [MH]% 296/298 [(M-(NMe 2 ))H]+. 

EXAMPLE 91 

15 

2-(4-Chlorophenvl)-2 < 5-dihvdro-6-methvl>7>(thien-3-vI)pyrazolor4,3- 
clpyridin-3-one 

To a degassed solution of the product of Example 81c (0.227 g, 0.8 
mmol), thiophene-3-boronic acid (0.227 g, 1.7 mmol) and water (0.5 ml) in 

20 N,N-dimethylformamide (4 ml) in an ACE® pressure tube was added 
tetrakis(triphenylphosphine)palladium(0) (0.02 g, 17 \imo\) and the 
mixture heated at 120°C for 18 hours. The reaction was diluted with ethyl 
acetate and the solid which precipitated was collected by filtration, and 
washed with ethyl acetate. Recrystallisation from 

25 MeOH/CH 2 Cl 2 /CH3C0 2 C 2 H 5 afforded the title compound as a yellow solid 
(0.234 g, 77%). iH NMR (360 MHz, DMSO-d*) 8 12.44 (1H, br s), 8.56 (1H, 
s), 8.19 (2H, d, J 9.0 Hz), 7.87 (1H, dd, J 4.7 Hz, J 2.9 Hz), 7.67 (1H, m), 
7.50 (1H, d, J 4.7 Hz), 7.43 (2H, d, J 9.0 Hz), 2.39 (3H, s); MS (ES + ) m/z 
341/343 [MH] + ; Anal, found: C, 59.65; H, 3.34; N, 12.28. Ci 7 H 12 ClN 3 OS 

30 requires: C, 59.74; H, 3.54; N, 12.28%. 
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EXAMPLE 92 

2-(4-ChlorQphenvl)'3 < 5-dihvdrO'6-methvl>3-oxo-2Jy-pyrazoIof4 < 3-clT)vridine- 
5 7-carboxvlic acid ethyl ester 

Carbon monoxide was bubbled through a suspension of the product 
of Example 82c (0.25 g, 0.65 mmol), triethylamine (0.18 ml, 1.3 mmol), 
sodium carbonate (0.13 g, 1.3 mmol) and dichlorobis(triphenylphosphine)- 
palladium(II) (0.023 g, 32 \xmol) in ethanol (8 ml) for 30 minutes, then the 

10 reaction was heated at reflux for 18 hours under an atmosphere of carbon 
monoxide. The solvent was removed in vacuo and the crude product 
purified by flash chromatography (silica gel, 5% MeOH/CH 2 Cl 2 ) to give the. 
title compound as an orange solid (0.182 g, 85%). l U NMR (400 MHz, 
DMSO-ds) 5 12.53 (1H, br s), 8.56 (1H, s), 8.20 (2H, d, J 9.0 Hz), 7.47 (2H, 

15 d, J 9.0 Hz), 3.36 (2H, q, J 7.0 Hz), 2.46 (3H, s), 1.35 (3H, t, J 7.0 Hz); MS 
(ES + ) m/z 332/334 [MH] + . 

EXAMPLE 93 

20 2-(4-ChlorophenvlV2.5-dihvdro-7-r2-(imidazol-l-vnethenvll-6-methvl- 
pyrazolor4.3-c1pyridin-3-one 

To a degassed solution of the product of Example 81c (0.3 g, 0.88 
mmol), 1-vinylimidazole (0.24 ml, 2.6 mmol), and triethylamine (0.24 ml, 
2.6 mmol) in N,N-dimethylformamide (4 ml) in an ACE® pressure tube 

25 was added tri(2-furyl)phosphine (0.082 g, 0.35 mmol), 

tris(dibenzylideneacetone)-dipalladium(0) (0.04 g, 44 (imol) and the 
mixture heated at 120°C for 72 hours. The solvent was removed in vacuo 
and the crude product purified by flash chromatography (silica gel, 5% 
MeOH/CH 2 Cl 2 ). Recrystallisation from MeOH/CH 2 Cl2/CH3C0 2 C2H5 

30 afforded the title compound as a yellow solid (0.115 g, 37%). >H NMR (360 
MHz, DMSO-d<r) 5 12.56 (1H, br s), 8.80 (1H, d, J 14.0 Hz), 8.48 (1H, s), 
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8.36 (2H, d, J 9.0 Hz), 8.26 (1H, s), 7.94 (1H, s), 7.48 (2H, d, J 9.0 Hz), 7.12 
(1H, d, J 14.0 Hz), 7.09 (1H, s), 2.57 (3H, s); MS (ES + ) m/z 352/354 [MH] + . 

EXAMPLE 94 

5 

2>(4-ChlorophenvI)-2 < 5-dihvdrQ-7>ethvl>6'methvlpvrazolof4,3-clpvridin>3- 
one 

Following a similar procedure to that described in Example 86, 
except using the product of Example 81c instead of the product of Example 
10 82c and tetraethyltin instead benzyltributylstannane, the title compound 
was prepared as a yellow solid. *H NMR (360 MHz, CD 3 OD) 6 8.20 (1H, s), 
8.13 (2H, d, J 8.9 Hz), 7.39 (2H, d, J 8.9 Hz), 2.8 (2H, q, J 7.5 Hz), 2.38 
(3H, s), 1.27 (2H, t, J 7.5 Hz); MS (ES + ) m/z 288/290 [MH] + . 

15 EXAMPLE 95 

2-(4-Chlorophenvl)-2 1 5-dihvdro-7-(2-methvlpropyl)-6-methvlpvrazolo[4 1 3- 
clpyridin-3-one 

Zinc dust (0.29 g, 6.0 mmol) and 1,2-dibromoethane (25 (al, 0.3 
20 mmol) in 7V,iV-dimethylformamide (2 ml) were heated at 50°C for 20 
minutes. 

l-Iodo-2-methylpropane (0.7 ml, 6.1 mmol) was then added and the 
mixture heated at / 50°C for 3 hours. The resulting mixture was added in 
one portion to a solution of the product of Example 82c (0.24 g, 0.62 

25 mmol), tri(2-furyl)phosphine (0.06 g, 0.3 mmol) and 

tris(dibenzylideneacetone)-dipalladium(0) (0.03 g, 33 (imol) at 50°C. The 
solution was then heated at 80°C for 15 hours. The solvent was removed 
in vacuo and the crude product purified by flash chromatography (silica 
gel, 5% MeOH/CH2Cl2). Recrystallisation from C^CWisohexane afforded 

30 the title compound as a yellow solid (0.038 g, 19%). *H NMR (360 MHz, 

DMSO-d*) 5 12.20 (1H, br s), 8.43 (1H, d, J 6.3 Hz), 8.23 (2H, d, J 8.9 Hz), 
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7.46 (2H, d, J 8.9 Hz), 2.56 (2H, d, J 7.3 Hz), 2.33 (3H, s), 2.18 (1H, m), 
0.93 (6H, d, J 6.6 Hz); MS (ES + ) m/z 316/318 [MH] + . 

EXAMPLE 96 

5 

2-(4-ChloroDhenvl)-2.5-dihvdro-6-methvl-7-f2-(pvridin-2- 
vl>ethvnpvrazolof4.3-c]pvridin-3-one 

Following a similar procedure to that described in Example 77, 
except using the product of Example 89 instead of the product of Example 
10 76, the title compound was prepared as a pale yellow solid. *H NMR (360 
MHz, DMSO-rff) 8 12.16 (1H, s), 8.51 (1H, m), 8.43 (1H, s), 8.26 (2H, d, J 
9.0 Hz), 7.67 (1H, m), 7.47 (2H, d, J 9.0 Hz), 7.20 (2H, m), 3.07 (4H, m), 
2.16 (3H, s); MS (ES + ) m/z 365/367 [MH] + . 

15 EXAMPLE 97 

2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r2-(piperidin-2-vl)ethvll- 
pvrazolor4.3-c[pvridin-3-one 

The title product was also isolated from the reaction of Example 96 

20 as a yellow solid. W NMR (360 MHz, DMSO-dc) 6 12. 16 (1H, s), 8.37 (1H, 
s), 8.28 (2H, d, J 9.0 Hz), 7.44 (2H, d, J 9.0 Hz), 2.95 (1H, d, J 12.3 Hz), 
2.72 (2H, t, J 7.0 Hz), 2.44 (2H, m), 2.32 (3H, s), 1.66 (4H, m), 1.49 (1H, 
m), 1.28 (2H, m), 1.11 (1H, m); MS (ES + ) m/z 371/373 [MH] + . Anal, found: 
C, 62.66; H, 6.15; N, 14.54. C20H23CIN4O.O.75H2O requires: C, 62.49; H, 

25 6.42; N, 14.57%. 

EXAMPLE 98 



30 



2-(4-Chlorophenvl)-2.5-dihvdro-6-methvl-7-r3-(morpholin-4-vl)prop-l- 
vnvll-pvrazolor4.3-clpyridin-3-one 
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a) 2-(4-Chlorophenvl)-2 1 5-dihvdro-7-(3>hydroxvt)rop>l-vnvlV6-methvl- 
pvrazolof4 t 3-c|pvridin-3-one 

Following a similar procedure to that described in Example 68, 
except using the product of Example 82c instead of the product of Example 
5 61b, the title compound was prepared as a yellow solid. 2 H NMR (400 

MHz, DMSO-cte) 6 12.61 (1H, br s), 8.52 (1H, s), 8.21 (2H, d, J 8.9 Hz), 7.47 
(2H, d, J 8.9 Hz), 5.43 (1H, t, J 5.9 Hz), 4.41 (2H, d, J 5.7 Hz), 2.48 (3H, s); 
MS (ES + ) m/z 314/316 [MH] + . 

10 b) 2'(4>Chlorophenvl)-7->(3-chloroprop>l>vnvl)-2 < 5-dihvdro>6-methv]- 
pvrazoIor4 < 3-c]pvridin-3-one 

Following a similar procedure to that described in Example 74a, 
except using the product of Example 98a instead of the product of 
Example 68, the title compound was prepared as a yellow solid; m/z 

15 332/334/336 [MH] + . 

c) 2-(4-Chlorophenvl)-2,5-dihvdrO'6-methvl-7-f3-(morpholin'4>vl)prop-l- 
Ynvn-pyrazoIof4,3-c]pvridin-3-one 

To a solution of the product of Example 98b (0.13 g, 0.4 mmol) in 

20 Af,AT-dimethylformamide (2 ml) was added morpholine (1 ml) and the 
solution stirred at ambient temperature for 2 hours. The solvent was 
removed in vacuo and the crude product purified by flash chromatography 
(silica gel, 10% MeOH/CH2Cl2) to give the title compound as a yellow solid 
(0.056 g, 37%). m NMR (360 MHz, DMSO-d<?) 8 12.60 (1H, br s), 8.51 (1H, 

25 s), 8.22 (2H, d, J 9.0 Hz), 7.46 (2H, d, J 9.0 Hz), 3.66 (2H, s), 3.64 (4H, m), 
2.62 (4H, m), 2.48 (3H, s); MS (ES + ) m/z 382/385 [MH] + . Anal, found: C, 
60.32; H, 5.02; N, 13.86. C20H19CIN4O2.IH2O requires: C, 59.93; H, 5.28; 
N, 13.98%. 
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EXAMPLE 99 

2-(4-Chlorophenvl)-2.5-dihvdro-7-hvdroxvmethvl-6-methvlDvrazoIo[4,3- 
clpvridin-3-one 

5 To a degassed suspension of the product of Example 82c (1.5 g, 3.9 

mmol) and Je^butyldimethylsilyloxymethyltributylstannane (3.4 g, 7.8 
mmol) (prepared by an analogous procedure to that described in Synth. 
Commuju, 1994, 24, 1117-1120) in 7V,N-dimethylformamide (10 ml) was 
added tetrakis(triphenylphosphine)palladium(0) (0.225 g, 0.38 mmol) and 

10 the mixture heated at 90°C for 96 hours. After cooling to ambient 

temperature the reaction was filtered and the filtrate evaporated to give a 
brown oil. The oil was dissolved in ethanol (20 ml), pyridinium p- 
toluenesulfonate (0.5 g, 2.0 mmol) was added and the mixture was heated 
at 80°C for 14 hours. The solvent was removed in vacuo and the crude 

15 product purified by flash chromatography (silica gel, 5-12% MeOH/CH^Ch) 
to give the title compound as a yellow solid (0.563 g, 50%). *H NMR (400 
MHz, DMSO-cfc) 5 12.25--(1H, br s), 8.46 (1H, d, J 4.2 Hz), 8.26 (2H, d, J 
8.9 Hz), 7.46 (2H, d, J 8.9 Hz), 4.99 (1H, t, J 5.3 Hz), 4.60 (2H, d, J 5.4 
Hz), 2.40 (3H, s); MS (ES + ) m/z 290/292 [MH]\ Anal, found: C, 57.93; H, 

20 4.19; N, 14.26. C 1 4Hi 2 ClN 3 0 2 requires: C, 58.04; H, 4.17; N, 14.50%. 

EXAMPLE 100 

2-(4-Chlorophenvl)-2,5-dihvdro-6>methvl-7-r2-oxo-3-(1.2.4-triazoM- 

25 vDprop vl) -pyr azolo [4 , 3 -c] p vridin- 3-one 

Following a similar procedure to that described in Example 90, 
except using 3-(l,2,4-triazol-l-yl)prop-l-yne (prepared by an analogous 
procedure to that described in Heterocycles, 1994, 38, 1367-1374) instead 
of N,N-dimethylpropargylamine, the title compound was prepared as a 

30 yellow solid. W NMR (360 MHz, DMSO-ck) 5 12.38 (1H, br s), 8.53 (1H, d, 
J 1.2 Hz), 8.45 (1H, s), 8.26 (2H, d, J 8.9 Hz), 7.99 (1H, s), 7.46 (2H, d, J 
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8.9 Hz), 5.52 (2H, s), 3.99 (2H, s), 2.29 (3H, s); MS (ES + ) m/z 383/385 
[MH]+. Anal, found: C, 56.22; H, 4.06; N, 21.66. C18H15CIN6O2 requires: C, 
56.48; H, 3.95; N, 21.95%. 

5 EXAMPLE 101 

2- (4-Chlorophenvl)>2,5-dihvdro-743-(imidazol>l-vI)>2-oxoproDvl1-6-methvl- 
pyrazolor4 < 3-clpyridin-3-one 

Following a similar procedure to that described in Example 90, 
10 except using 3-(imidazol-l-yl)prop-l-yne (prepared by an analogous 

procedure to that described in Heterocycles, 1994, 38, 1367-1374) instead 
of A^A^dimethylpropargylamine, the title compound was prepared as a 
yellow solid. *H NMR (400 MHz, DMSO-ds) 5 12.39 (1H, br s), 8.52 (1H, s), 
8.27 (2H, d, J 8.9 Hz), 7.55 (1H, s), 7.46 (2H, d, J 8.9 Hz), 7.07 (1H, s), 6.90 
15 (1H, s), 5.25 (2H, s), 3.94 (2H, s), 2.29 (3H, s); MS (ES + ) m/z 382/384 
[MH] + . 

EXAMPLE 102 

20 2-(4-Chlorophenvl)-2,5-dihvdro^ 

3- vlmethvl)aminomethvl1pvrazolo[4 t 3-c1pyridin-3-one 

To a solution of the product of Example 99 (0.1 g, 0.34 mmol), at - 
10°C in pyridine (6 ml) was added methanesulfonyl chloride (32 ^1, 4.2 
mmol) and the solution stirred for 30 minutes at -10°C then allowed to 

25 warm to room temperature over 2 hours. (2-Methyl-2//-l,2,4-triazol-3- 

yl)methylamine (prepared as described in EP-A-0421210) (0.5 g, 4.4 mmol) 
was added and the mixture heated to 60°C for 2 hours. The solvent was 
removed in vacuo and the crude product purified by flash chromatography 
(silica gel, 8% MeOH/CH 2 Cl2) to give the title compound as a yellow solid 

30 (0.022 g, 16.9%). >H NMR (360 MHz, DMSO-d*) 5 12.55 (1H, br s), 8.59 
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(1H, s), 8.27 (2H, d, J 8.9 Hz), 8.06 (1H, s), 7.49 (2H, d, J 8.9 Hz), 4.47 (1H, 
s), 4.37 (1H, s), 3.84 (3H, s), 2.46 (3H, s); MS (ES + ) m/z 384/386 [MH] + . 

EXAMPLE 103 

5 

2-(4-Chlorophenvl)-2,5-dihvdro-7-(3-methoxvcarbonvlpropvl)-6- 

methy]pvrazolo[4.3-clpyridin-3-one 

Following a similar procedure to that described in Example 95, 

except using methyl 4-iodobutyrate instead of l-iodo-2-methylpropane, the 
10 title compound was prepared as a yellow solid. ] H NMR (360 MHz, DMSO- 

de) 5 12.21 (1H, br s), 8.42 (1H, d, J 6.3 Hz), 8.23 (2H, d, J 8.9 Hz), 7.46 

(2H, d, J 8.9 Hz), 3.57 (3H, s), 2.70 (2H, t, J 7.2 Hz), 2.39 (2H, t, J 7.2 Hz), 

2.33 (3H, s), 1.90 (2H, t, J 7.2 Hz); MS (ES + ) m/z 360/362 [MH] + . Anal. 

found: C, 59.64; H, 4.82; N, 11.30. CisHisClNaOs.O.l H 2 Q requires: C, 
15 59.79; H, 5.07; N, 11.62%. 

EXAMPLE 104 



7-(3-Carboxamidopropvl)-2-(4-chlorophenyl)-2,5-dihvdro-6-methvl- 

20 pyrazolof 4, 3-clpyridin-3-one 

Following a similar procedure to that described in Example 84, 
except using the product of Example 103 instead of the product of 
Example 83, the title compound was prepared as a yellow solid. J H NMR 
(360 MHz, DMSO-dc) 8 12.23 (1H, br s), 8.45 (1H, d, J 6.3 Hz), 8.24 (2H, d, 

25 J 9.0 Hz), 7.46 (2H, d, J 9.0 Hz), 7.27 (1H, s), 6.74 (1H, s), 2.67 (2H, t, J 

7.2 Hz), 2.34 (3H, s), 2.13 (2H, t, J 7.2 Hz), 1.85 (2H, t, J 7.2 Hz); MS (ES + ) 
m/z 345/347 [MH] + . Anal, found: C, 55.86; H, 5.08; N, 15.20. 
Ci 7 Hi 7 ClN 4 0 2 .1.15 H 2 0 requires: C, 55.86; H, 5.32; N, 15.33%. 
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EXAMPLE 105 



7>(3-Benzovlox\ r propvl)-2-(4^chlorophenvl)-2,5-dihvdro-6- 
methvIpyrazolof4,3-c1pvridin-3-one 
5 Following a similar procedure to that described in Example 95, 

except using 3-iodopropyl benzoate instead of l-iodo-2-methylpropane, the 
title compound was prepared as a yellow solid. *H NMR (360 MHz, DMSO- 
ds) 5 12.22 (1H, br s), 8.43 (1H, d, J 6.3 Hz), 8.20 (2H, d, J 8.9 Hz), 7.95 
(2H, d, J 8.9 Hz), 7.68 (1H, m), 7.55 (2H, m), 7.37 (2H, d, J 8.9 Hz), 3.57 
10 (3H, s), 4.33 (2H, t, J 7.2 Hz), 2.86 (2H, t, J 7.2 Hz), 2.35 (3H, s), 2.11 (2H, 
t, J 7.2 Hz); MS (ES + ) rn/z 422/424. 

EXAMPLE 106 

15 2-(4-ChIorophenvl)-2 < 5-dihvdro-6-methvl-7-f3-(3>methvl-l,2.4-oxadiazol-5- 
vl)propvnpvrazolo[4,3-c1pvridin-3-one 

To a stirred suspension of ethanol (20 ml) and molecular sieves (4 A, 
5 g) was added sodium (0.18 g, 7.8 mmol); the mixture was warmed to 
reflux then allowed to cool to room temperature. To this mixture was 

20 added acetamide oxime (0.6 g, 8.0 mmol) followed after ten minutes by the 
product of Example 103 (0.250 g, 0.7 mmol) and the mixture heated at 
80°C for 2 hours. The reaction was filtered and the solvent evaporated 
from the filtrate in vacuo. The crude product was purified by flash 
chromatography (silica gel, 6% MeOH/C^Ck) to give the title compound 

25 as a yellow solid. Recrystallisation from MeOH/CH 2 Cl2/EtOAc afforded 
the title compound as a yellow solid (0.169 g, 63.6%). *H NMR (360 MHz, 
DMSO-dff) 5 12.21 (1H, br s), 8.44 (1H, d, J 6.3 Hz), 8.23 (2H, d, J 8.9 Hz), 
7.46 (2H, d, J 8.9 Hz), 2.96 (2H, t, J 7.2 Hz), 2.77 (2H, t, J 7.2 Hz), 2.33 
(3H, s), 2.30 (3H, s), 2.12 (2H, t, J 7.2 Hz); MS (ES + ) m/z 384/386 [MH] + . 

30 Anal, found: C, 59.24; H, 4.44; N, 17.88. Ci9H 18 ClN 5 0 2 requires: C, 59.45; 
H, 4.73; N, 18.25%. 
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EXAMPLE 107 

2'(4-Chlorophenvl)-7'(3-cvanopropvl)-2,5-dihvdro-6-methvlpyra2olof4.3- 
5 c[pyridin-3-one 

Following a similar procedure to that described in Example 95, 
except using 4-iodobutyronitrile instead of l-iodo-2-methylpropane, the 
title compound was prepared as a yellow solid. *H NMR (360 MHz, DMSO- 
de) 5 12.24 (1H, br s), 8.46 (1H, d, J 6.3 Hz), 8.26 (2H, d, J 8.9 Hz), 7.47 
10 (2H, d, J 8.9 Hz), 2.77 (2H, t, J 7.2 Hz), 2.58 (2H, t, J 7.2 Hz), 2.36 (3H, s), 
1.96 (2H, t, J 7.2 Hz); MS (ES + ) m/z 327/329 [MH] + . 

EXAMPLE 108 

15 2-(4-Chlorophenvl)>2 t 5>dihvdro-6-methvl-7-(pvridin-3-vl)pvrazolo[4,3> 
c[pvridin-3-one 

Following a similar procedure to that described in Example 86, 
except using 3-pyridyltributylstannane instead of benzyltributylstannane, 
the title compound was prepared as a yellow solid. J H NMR (360 MHz, 
20 DMSO-d*) 8 12.54 (1H, br s), 8.76 (1H, d, J 1.9 Hz), 8.60 (2H, m), 8.13 (2H, 
d, J 9.0 Hz), 7.98 (1H, m), 7.55 (1H, m), 7.42 (2H, d, J 9.0 Hz), 2.28 (3H, s); 
MS (ES + ) m/z 337/339 [MH] + . 



EXAMPLE 109 

25 

2-(4-Chlorophenvl)-2,5>dihvdro-7-r3-(lH-imidazol-2-vI)propvll-6-methvl- 
pyrazolof4.3-c1pvridin-3-one 

To a solution of the product of Example 107 (0.131 g, 0.4 mmol) and 
aminoacetaldehyde dimethylacetal (43 (il, 0.4 mmol) in DMSO (1 ml) was 
30 added copper(I) chloride (0.04 g, 0.4 mmol) and the mixture heated at 

100°C for 120 hours. The solvent was removed in vacuo and the residue 
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suspended in formic acid (10 ml) and heated at 70°C for 18 hours. The 
reaction was filtered and the solvent evaporated from the filtrate in vacuo. 
The crude product was purified by flash chromatography (silica gel, 6-10% 
MeOH/ CH2CI2) to give the title compound as a yellow solid (0.012 g, 
5 8.1%). l H NMR (360 MHz, CD3OD) S 8.34 (1H, s), 8.02 (2H, d, J 8.7 Hz), 
7.42 (2H, d, J 8.7 Hz), 7.11 (2H, br s), 2.99 (2H, br s), 2.80 (2H, br s), 2.40 
(3H, s), 2.05 (2H, br s); MS (ES + ) m/z 368/370 [MH] + . 

EXAMPLE 110 

10 

2-(4'ChloroDhenvl)-2,5-dihvdro-7-(3-hvdroxvpropvl)-6-methvlpyrazolo[4.3- 
clpyridin-3-one 

To a solution of sodium hydroxide (0.075 g, 1.88 mmol) in methanol 
(10 ml) was added the product of Example 105 (0.1 g, 0.42 mmol) and the 

15 mixture stirred for 18 hours. The solvent was evaporated in vacuo and the 
residue taken up in water and adjusted to pH 6 with IN HC1. The yellow 
precipitate was extracted into 10% methanol/CH2Cl2 and the organic 
phase separated, dried, filtered and evaporated to give a yellow solid. 
Recrystallisation from MeOH/C^Cb/EtOAc afforded the title compound 

20 as a yellow solid (0.082 g, 60.5%). *H NMR (360 MHz, DMSO-c/s) 5 12.22 
(1H, br s), 8.44 (1H, s), 8.23 (2H, d, J 8.9 Hz), 7.46 (2H, d, J 8.9 Hz), 4.54 
(1H, t, J 5.3 Hz), 3.44 (2H, dt, J 5.5, J 6.2 Hz), 2.71 (2H, t, J 7.2 Hz), 2.35 
(3H, s), 1.78 (2H, t, J 7.2 Hz); MS (ES + ) m/z 318/320 [MH] + . 
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CLAIMS: 



1. A compound of formula I, or a salt or prodrug thereof: 

R 1 

/ 



N-N 




5 a) 



wherein 

• R 1 represents aryl or heteroaryl, either of which groups may be 
optionally substituted; 

10 R 2 represents halogen; or Ci-6 alkyl, C2-6 alkenyl, C2-G alkynyl, C3.7 

cycloalkyl, aryl, aryl(Ci-G)alkyl, C3-7 heterocycloalkyl, heteroaryl, 
heteroaryl(Ci-6)alkyl, C2-G alkoxycarbonyl, Ci.g alkylaminocarbonyl or 
heteroarylaminocarbonyl, any of which groups may be optionally 
substituted; and 

15 R 3 represents hydrogen, Ci-g alkyl or trifluoromethyl. 

2. A compound as claimed in claim 1 represented by formula II, 
and salts and prodrugs thereof: 




20 ' (II) 
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wherein 

R 3 is as defined in claim 1; 

X and Y independently represent CH or nitrogen; 
R 10 represents hydrogen, Ci-g alkyl, Ci-g alkoxy, Ci- G alkylsulphonyl, 
5 C2-6 alkylcarbonyl, halogen, cyano or trifluoromethyl; and 

R 20 represents hydroxy(Ci- G )alkyl, aryl(C]-c)alkylamino(Ci. G )alkyl, 
heteroaryl(Ci-6)alkylamino(Ci. 6 )alkyl, hydroxy(Ci. G )alkynyl, 
di(Ci-6)alkylamino(C2-6)alkynyl, C3.7 heterocycloalkyl, 
oxo(C3-7)heterocycloalkyl, Ci- 6 alkyl(C3-7)heterocycloalkyl, C2-6 
10 alkoxycarbonyl(C3-7)heterocycloalkyl, C3-7 heterocycloalkyl(Ci. G )alkyl, C3.7 
heterocycloalkylcarbonyl, C]. 6 alkyl(C 3 -7)heterocycloalkylcarbonyl, 
spiroheterocyclyl, heteroaryl, Ci-g alkylheteroaryl, C3-7 heterocycloalkyl- 
(Ci.c)alkylheteroaryl, Ci. G alkyl(C 3 -7)heterocycloalkyl(Ci- G )alkylheteroaryl, 
heteroaryl(Ci- G )alkyl, heteroaryl(C 2 -c)alkynyl, hydroxy, Ci-e alkoxy, amino, 
15 di(Ci-G)alkylamino, C2-c alkylcarbonylamino, Ci- G alkylsulphonylamino, 
C3-7 cycloalkyl(Ci. 6 )alkylamino, di[(C 3 -7)cycloalkyl(Ci. G )alkyl]amino, 
heteroaryl(Ci- G )alkylamino t Ci-e alkylaminocarbonylamino, 
amino(Ci. G )alkylcarbonylamino, C2. G alkoxycarbonylamino- 
(Ci- G )alkylcarbonylamino, Clg alkoxycarbonyl, aminocarbonyl, halogen, 
20 cyano or nitro. 

3. A compound as claimed in claim 1 or claim 2 wherein R 3 
represents hydrogen, methyl or ethyl. 

25 4. A compound as claimed in claim 2 or claim 3 wherein R 10 

represents hydrogen, methyl, methoxy, fluoro or chloro. 

5. A compound as claimed in any one of claims 2 to 4 wherein 
R 20 represents hydroxymethyl, benzylaminomethyl, 
30 pyridinylmethylaminomethyl, hydroxypropynyl, dimethylaminopropynyl, 
piperazinyl, morpholinyl, pyrrolidinonyl, methyl-piperazinyl, tert- 
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butoxycarbonyl-piperazinyl, pyrrolidinylmethyl, pyrrolidinylcarbonyl, 
methyl-piperazinylcarbonyl, l-oxa-8-azaspiro[4.5]dec-3-en-3-yl, pyridinyl, 
thienyl, thiazolyl, imidazolyl, azabenzimidazolyl, oxadiazolyl, triazolyl, 
methylimidazolyl, morpholinylmethyl-triazolyl, methylpiperazinylmethyl- 
5 triazolyl, pyridinylethyl, pyridinylethynyl, hydroxy, methoxy, amino, 

dimethylamino, acetylamino, methylsulphonylamino, cyclopropylmethyl- 
amino, di(cyclopropylmethyl)amino, pyridinylmethylamino, 
ethylaminocarbonylamino, 2-amino-2-methylpropionamido, tert- 
butoxycarbonylaminomethyl-carbonylamino, methoxycarbonyl, 
10 aminocarbonyl, chloro, iodo, cyano or nitro. 

6. A compound selected from: 

2,5-dihydro-2,7-diphenylpyrazolo[4,3-c]pyridin-3-one; 

2,5-dihydro-2-phenyl-7-propylpyrazolo[4,3-c]pyridin-3-one; 
15 2,5-dihydro-2-(4-methoxyphenyl)-7-propylpyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-propylpyrazolo[4,3-c]pyridin-3-one; 

7-benzyl-2-(4-chlorophenyl)-2,5-dihydropyrazolo[4,3-c]pyridin-3-one; 

7-benzyl-2,5-dihydro-2-(4-methoxyphenyl)pyrazolo[4,3-c]pyridin-3-one; 

3,5-dihydro-3-oxo-2-phenyl-2H-pyrazolo[4 ) 3-c]pyhdine-7-carboxylic acid 
20 propylamide; 

3,5-dihydro-3-oxo-2-phenyl-2iif-pyrazolo[4,3-c]pyridine-7-carboxylic acid 

thiazol-2-ylamide; 

2- (4-chlorophenyl)-2,5-dihydro-6-methyl-7-phenylpyrazolo[4,3-c]pyridin-3- 
one; 

25 2,5-dihydro-2-(4-methoxyphenyl)-6-methyl-7-phenylpyrazolo[4 > 3-c]pyridin- 

3- one; 

2,5-dihydro-6-methyl-2,7-diphenylpyrazolo[4,3-c]pyridin-3-one; 

2,5-dihydro-6-methyl-2-(4-methylphenyl)-7-phenylpyrazolo[4,3-c]pyridin- 

3-one; 

30 2-(4-fluorophenyl)-2,5-dihydro-6-methyl-7-phenylpyrazolo[4,3-c]pyndin-3- 
one; 
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6-ethyl-2,5-dihydro-2-(4-metto 
one; 

6-eth}d-2,5-dihydro-2,7-diphenylpyrazolo[4,3-c]pyridin-3-one; 

2,5-dihydro-2J-bis(4-methoxyphenyl)-6-methylpyrazolo[4,3-c]pyridin-3- 
5 - one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(4-methoxyphenyl)-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2,7-bis(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3-c)pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro-7-(3-methoxyphenyl)-6-methyl- 
10 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(2-methoxyphenyl)-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-(thiophen-2-yl)pyrazolo[4,3- 
c]pyridin-3-one; 

15 2-(4-chlorophenyl)-2,5-dihydro-7-(3-iodophenyl)-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophe^yl)-2,5-dihydro-6-methyl-7-[3-(pyridin-3-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(thiophen-2-yl)phenyl]- 
20 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methy^^ 

yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4'Chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(pyrrolidin-l- 

ylcarbonyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
25 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(4-methylpiperazin-l- 

ylcarbonyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2 l 5-dihydro-6-methyl-7-[3-(imidazol-l-yl)phenyl]- 

pyrazolo[4,3-c]pyridin : 3-one; 

2"(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(pyridin-3-yl)phenyl]- 
30 pyrazolo[4,3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(morpholin-4-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-nitrophenyl]pyrazolo[4,3- 
c]pyridin-3-one; 

5 7-(3-aminophenyl)-2-(4-chlorophenyl)-2,5-dihydrO'6-methylpyrazolo[4,3- 
c]pyridin-3~one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(3- 

pyridylmethylamino)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(dimethylamino)phenyl]- 
10 pyrazolo[4,3-c]pyridin-3-one; 

N-{3-[2-(4-chlorophenyl)-3 f 5-dihydro-6-methyl-3-oxo-2//-pyrazolo[4,3^ 

c]pyridin-7-yl]phenyl}methanesulphonamide; 

2-(4-chlorophenyl)-2 J 5-dihydro-6-methyl-7-[3-(4//-l,2,4-triazol-4- 
' yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
15 ^{3-[2-(4-chlorophenyl)»3,5-dihydro-6-methyl-3-oxo-2i/-pyrazolo[4,3- 

c]pyridin-7-yl]phenyl}-N-(ethyl)urea; 

2-(4-chlorophenyl)-2 ) 5-dihydro-6-methyl-7-[3^(4-methylpiperazin-l- 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; . 
2,5~dihydro-2-phenyl-7-(4-pyridyl)pyrazolo[4,3-c]pyridin-3-one; 
20 7-(4-aminophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

7-(4-acetamidophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 
7-[4-(4-(te^butoxycarbonyl)pipe^ 
25 dihydro-6-methylpyrazolo[4 5 3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(piperazin-l-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(pyrrolidin-2-on-l- 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
30 7^4-(2-amino-2-methylpropionamido)phenyl]-2-(4-chlorophenyl)-2,5- 
dihydro-6"inethylpyrazolo[4 1 3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-&^ 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

7-[4-(A^ / 4er^butoxycarbonylglycinamido)phenyl]-2-(4-chlorophenyl)-2 f 5- 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 
5 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l,2,4-triazol-4-yl)ph^ 
pyrazolo[4,3-c]pyridin-3-one; 
and salts and prodrugs thereof. 

7. A compound selected from: 

10 2-(4-chlorophenyl)-7-(4-cyanophenyl)-2,5-dihydro-6-methylpyrazolo[4 3 3- 
c]pyridin-3-one; 

7-(3-cyanophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(pyridin-2-ylmethylamino)- 
15 phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-7-[4-(A^,N-di(cyclopropylmethyl)amino)phenyl]-2,5 
dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-7-[4-(A^-cyclopropylmethylamino)phenyl]-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 
20 7-(4-carboxamidophenyl)-2-(4-chlorophenyl)-2 J 5-dihydro-6-methyl- 
pyrazolo [4, 3-c]py ridin- 3-one ; 

2-(4-chlorophenyl)-2,5-dihydro-7-(3-methoxycarbonylphenyl)-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(pyridin-2- 
25 ylniethylaminomethyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(pyridin-2- 
ylmethylaminomethyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
7-[4-(benzylaminomethyl)phenyll-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

30 7-(3-carboxamidophenyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(pyrrolidin-l- 
ylmethyl)phenyl]-pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-[4-(hydroxymethyl)phenyl]-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 
5 2'(4-chlorophenyl)-2,5-dihydro-7-(4-iodophenyl)-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methy^ 

1- yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2- (4-chlorophenyl)-2,5-dihydro-7-[4-(imidazol-l-yl)phenyl]-6-methyl- 
10 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-744-(imidazol-2-yl)phenyl]-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro-6-m^ 
pyrazolo[4,3-c]pyridin-3-one; 
15 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(thiazol-2-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; . 

2-(4-chlorophenyl)-2,5-dihydro-7-(4-hydroxyphenyl)-6-methylpyrazolo{4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-[4-(3-hydroxyprop-l-yn-l-yl)phenyl]-6- 
20 methylpyrazolo[4,3-c]pyridin-3-one; 

7-[4-(6-azabenzimidazol-2-yl)phenyl]-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 

7-(2-acetyl-2,3,4,9-tetrahydro-lJy-pyrido[3,4-b]indol-6-yl)-2-(4- 
chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3-one; 
25 2.(4-chlorophenyl)-7-(2«ethyl-2,3,4,9-tetrahydroaH-pyrido[3,4-6]indol-6- 
yO^^-dihydro-G-methylpyrazolo^^-cJpyridin-S-one; 
2-(4-chlorophenyl)-2,5-dihydro-7-[2-(dimethylaminomethyl)indol-5-yl]-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 

7-(benzimidazol-5-yl)-2-(4-chlorophenyl)-2,5-dihydro>6-methylpyrazolo[4,3- 
30 c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dih^ 

l,2,3-triazol-5*yl)phenyl]pyrazolo[4,3-c]p)<ridin-3-one; 
2-(4-chlorophenyl)-2,5-dihyd™^ 

l^jS-triazol-S-y^phenyljpyrazoloH^-cJpyridin-S-one; 
5 2-(4-chlorophenyl)-2,5-dihydro-6-m^ 
yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(2-(pyridin-2- 
yl)ethyl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l-methylimidazol-2- 
10 yl)phenyl]-pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l,2,4-triazol-3-yl)phenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[4-(l-oxa-8»azaspiro[4.5]dec-3- 
en-3-yl)phenyl]pyrazolo[4,3-c]pyridin-3-one; 

15 7-bromo-2-(4-chlorophenyl)-2,5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3- 
one; 

2-(4-chlorophenyl)-2,5-dihydrp-7-iodo-6-methylpyrazolo[4,3-c]pyridin-3- 
one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(2-ethoxycarbonylethenyl)-6-methyl- 
20 pyrazolo[4,3-c]pyridin-3-one; 

7-(2-carboxamidoethenyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2 r 5-dihydro-6-methyl-742-(pyridin-4-yl)ethenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

25 7-benzyl-2-(4-chlorophenyl)-2 ) 5-dihydro-6-methylpyrazolo[4,3-c]pyridin-3- 
one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(pyridin-4- 
yl)ethyl]pyrazolo[4,3-c]pyridin-3-one; 
7-(2-carboxamidoethyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
30 methylpyrazolo[4,3-c]pyridin-3-one; 
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2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(pyridin-2-yl)ethenyl]- 
pyrazolo[4,3-c]pyridin-3-one; 
2-(4-chlorophenyl)-2,5-dihydro-7-^ 
pyrazolo[4,3-c]pyridin-3-one; 
5 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-(thien-3-yl)pyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-3,5-dihydro-6-methyl-3-oxo-2//-pyrazolo[4,3-c]pyridine- 
7-carboxylic acid ethyl ester; 

2-(4-chlorophenyl)-2,5-dihydro-7-[2-(imidazol-l-yl)ethenyl]-6-methyl- 
10 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-ethyl-6-methylpyrazolo[4,3-c]pyridin-3- 
one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(2-'methylpropyl)-6-methylpyrazolq[4,3- 
c]pyridin-3-one; 
15 2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(pyridin-2- 
yl)ethyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-(piperidin-2-yl)ethyl]- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[3-(morpholin-4-yl)prop-l-ynyl]- 
20 pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2 ) 5-dihydro-7-hydroxymethyl-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-[2-oxo-3-(l l 2 J 4-triazol-l- 

yl)propyl]-pyrazolo[4,3-c]pyridin-3-one; 
25 2-(4-chlorophenyl)-2,5-dihydro^ 

pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro^ 

ylmethyl)aminomethyl]pyrazolo[4,3«c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(3-methoxycarbonylpropyl)-6- 
30 methylpyrazolo[4,3-c]pyridin-3-one; 
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7-(3-carboxaraidopropyl)-2-(4-chlorophenyl)-2,5-dihydro-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

7-(3-benzoyloxypropyl)-2-(4-chlorophenyl)-2,5-dihydro-6- 
methylpyrazolo[4,3-c]pyridin-3-one; 
5 2-(4-chlorophenyl)-2 J 5-dihydro-6-methyl-7-[3-(3-methyia,2,4.oxadiazol-5- 
yl)propyl]pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-7-(3-cyanopropyl)-2,5-dihydro-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-6-methyl-7-(pyridin-3-yl)pyrazolo[4,3- 
10 c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-[3-(l//4midazol-2-yl)propyl]-6-methyl- 
pyrazolo[4,3-c]pyridin-3-one; 

2-(4-chlorophenyl)-2,5-dihydro-7-(3-hydroxypropyl)-6-methylpyrazolo[4,3- 
c]pyridin-3-one; 
15 and salts and prodrugs thereof. 

8. A pharmaceutical composition comprising a compound of 
formula I as defined in claim 1 or a pharmaceutical^ acceptable salt 
thereof or a prodrug thereof in association with a pharmaceutical^ 

20 acceptable carrier. 

9. The use of a compound of formula I as defined in claim 1 or a 
pharmaceutical^ acceptable salt thereof or a prodrug thereof for the 
manufacture of a medicament for the treatment and/or prevention of 

25 anxiety. 

10. A process for the preparation of a compound as claimed in 
claim 1, which comprises reacting a compound of formula III with a 
hydrazine derivative of formula IV, or an acid addition salt thereof: 

30 
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L 




wherein R 1 , R 2 and R 3 are as defined in claim 1, L represents a readily 
displaceable group, and Z represents a reactive carboxylate moiety; and 
5 subsequently, if desired, converting a compound of formula I initially 
obtained into a further compound of formula I by standard methods. 

11. A method for the treatment and/or prevention of anxiety 
which comprises administering to a patient in need of such treatment an 
10 effective amount of a compound of formula I as defined in claim 1, or a 
pharmaceutical^ acceptable salt thereof or a prodrug thereof. 
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